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PREFACE. 

, The necessity of a book of Tables of the properties of Steam, in which 
some of the most used factors should be grouped not alone in a convenient 
way for reference, but with some certainty of reliability, has been experi- 
enced by every Engineer who has had active practice in Steam Tests, 
especially of the last few years or since we have been using pressures of 
exceeding One Hundred and Fifty pounds per square inch. 

It may have been true to some extent that such tables have been 
accessible, but in too many cases some opinion had been interjected into 
their computation, or, as has often been announced, '' corrections of ap- 
parent errors," have caused quite too much of error, and no end of discus- 
sion and trouble when different Engineers were on the same work, and not 
using the same tables. The amount of detail and the settlement of the 
fact that Indicator springs are as incorrect as the average steam tables 
have been, has introduced cause for another correction, that calls for an 
accuracy beyond the old idea of a single place decimal, or that " about," 
was at all an approach to accuracy. The immense amount of labor in 
recent tests of new steamship engines, where one pound of mean pressure 
was of a contract value of Forty Thousand Dollars, or in some of the 
writers' pumping engine tests, where the density of steam had an item of 
the least error, being multiplied by billions ; or where some fraction of a 
pound of pressure had the same multiplier, or the evaporation factor was 
counted from a low temperature to 380° F. and especially when the areas 
of circles in well-known text books have varied from the fact, to several 
inches of error in the area of a small piston. These are some of the 
abstract reasons why the writer has from time to time considered the put- 
ting of his own needs into such a form that one set of covers would hold 
all information, not only in a convenient but in accurate form, and so that 
frequent computations could be made with close accuracy, and with the 
least amount of reference to outside sources, and utmost certainty of final 
result. 

If some of the often-followed practices have been discarded, it is for 
good reasons, this will be noticed in the " Steam Table of Fahrenheit 
Degrees," in which the absolute pressure is given for each degree, in place 
of the Temperature for each exact pound, we scarcely ever in practice, 
read pressures at exactly even pounds, and if the standardized Thermome- 
ter is used properly, it is a check on any steam gauge, and far more 
accurate, for no such thing is to be had or found as a correct steam gauge 
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anywhere, hence a way of settlement of the important factor is offered by 
using the thermometer, as check, and getting at once the actual temper- 
ature and steam pressure in pounds per square inch, and no "steam 
gauge correction " factor in the computation. It is as easy to work and 
better than as usually done. 

The density of steam is correctly given in this volume, taking Prof. 
Rankine as reliable, and no one to-day has the abstract facts on that 
property of saturated steam to any greater certainty than he had, and up 
to date no one has given facts to consider in place of his reasoning, nor 
with any approximate basis beyond their own conception of what might 
be. The tables here given will, to some extent, increase the amount of 
steam used in any place, but it is correct from present knowledge, and with 
Regnault's observations and results, and Rankine's verifications of those 
same results, we must be put in possession of far more accurate data, than 
the suppositions of theorists, before we attempt to alter the Rankine basis, 
for saturated steam, for the simple, but indisputable reason that his basis 
was entirely from Regnault's actual experiments, in using steam, under 
practically the same conditions that steam engines use it in practical work, 
while the density is assumed to a great degree in any case, the basis herein 
adopted is assumed only so far as the higher pressures are given, it is 
almost positively known for some of the lower range. 

The objection to Prof. Rankine's work is often urged that he makes 
"such jumps," and it is true that his reasoning shows an impatience of 
detail, not shown by Regnault, yet Rankine in his, as Prof. DeVolson Wood 
says, " giant strides," has laid down what so far has not been found to vary 
from the fact in practice, when the facts have practically been determined, 
and his work stands with the least question, of anything in its line, but his 
work is full of places where a search has to be made to secure continuity, 
and in much of his reasoning, whoever would understand it, must do some 
reasoning on his own account to connect, and by searching this out, it is 
surely there, and is then clear. 

Rankine had as prodigious a power of reasoning, from analytic basis, 
as Regnault had of patient accuracy of observation, the former often shows 
his impatience, to some detail, and the latter in his published work, is as 
calm as though intricate problems, and notes of disturbing elements, were 
a part of his life, or work at least ; and if his critics were only a fraction, 
in comparison, as painstaking as he was, or if they looked out clearly all 
the elements he had considered, in their attempts to show where he had 
made some error, we should not have so many claims of "improved 
Regnault " and less fog around his results, which are not in the least dis- 
turbed by criticism, and the whole of our actual knowledge of steam, as to 
its properties, hinges on Regnault's observations, and Rankine's demon- 
strations on the theory and practice, taken partly from his theory, and 
based on Regnault's experimental data. 
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In the most accurate attempts to repeat RegnauU's experiments, so far 
as they are of sufficient worth to record, the differences found, are in the 
sixth or seventh place of the logarithm, and in some cases farther than that, 
but as we do not measure either millionths or ten millionths of a degree, or 
pound, it is safe to adhere to the accuracy of these two men's work, and 
still consider that we have no basis as near as that which they have left us. 

The author has a full translation of the important papers of Regnault 
now nearly ready to publish and it will follow this volume with only a short 
interval. 

The bringing together in one book of the important elements of 
testing work, in the present form, has been the author's intention since his 
work on the U. S. Cruiser "Baltimore," in '89, and which was the first case 
in this country in which the proper corrections have ever been made to reduce 
temperature, latitude, gravity and expansion, to abstract fact, in a com- 
mercial way. 

From that time to this he has rearranged and adjusted far larger 
ships' engines, and makers of instruments are now making some efforts to 
correct their standards, but the real importance of fully corrected Steam 
Gauges, Indicator Springs, and computations are not even now considered 
either by makers or users. 

' The computations in this book have been made entirely by the author 
and his son Robert, as opportunity has allowed, intervals of months, when 
on important work, have occurred ; then a rest of a few days and some 
work done, it has progressed slowly, and no one, where so much comparison 
in the record is needed, has an idea of the amount of work necessary, the 
results are completely recomputed, in each detail, nothing has been taken 
that was not proved, and it is offered as embodying in compact form, the 
most used data for computations for boiler testing, duty performance of 
pumping engines, and the many inquiries of an indicator diagram, its 
intention has in all respects been to be accurate, '* within the limits of 
observation," and no theories of any kind have been considered or expressed 
intentionally. 

To some extent this work is an answer to the hundreds of letters re- 
ceived referring to " Twenty Years," and the inquiries from its twelve 
thousand purchasers, as to some of the ways to compute the much needed 
data on cards, or other usual queries of steam plants. 

THOS. PRAY, Jr. 
Boston, Mass., April 5, 1894. 
P. O. Box 2728. 



RATIO OF EXPANSION, CUT-OFF. 

HYPERBOLIC LOG-|-l. 

Constant for Mean Exerted Pressure, at any initial pressure and 
any point of cut-off, for " Dry Saturated Steam." See pp. 21, 22. 
Read across the page in all computations. 

Column I is the cut-off in hundredths of the stroke. 
" 2 is Ratio of Expansion for cut-off in Column 1. 
" 3 is Hyperbolic Log+i of Ratio of Expansion in Column 2. 
" 4 is Vega's Logs, of Column 3. 

" 5 is K (constant) for mean exerted pressure at cut-off in Column 1. 
" 6 is Vega's Logs, of Column 5. 

CoU I, the "cut-off," or the point at which the valve was entirely 
closed, best found by the theoretical demonstration in ** Twenty Years," 
pp. 143 to 147, inclusive, and to be correct should always include the clear- 
ance or volume of all the space between the piston head and the valve as 
closed ; this is only found by measurement, and to reduce the actual clear- 
ance to its proportion of the space swept through by the piston, it is far 
better to go to the trouble of filling the space with water and weighing it, 
and to reduce any amount of water at any temperature into square inches, 
turn to the table on the ** Heat of Water," page 23, and find the number 
of cubic inches of water in one pound at any temperature from 32** F. to 
212*" F., and the clearance space in any engine can be reduced into cubic 
inches of space, with a single operation. 

It must be remembered that clearance, if not considered, has a cer- 
tainty in that it reduces the ratio of expansion, and in not computing it 
the results are certainly incorrect. When the results of clearance are com- 
puted as directed in this table, the actual cut-off is point of computation, 
and the result is correct, being in all cases the mean exerted absolute 
pressure, and for a /w;»-condensing engine, the value of the atmosphere 
must, in all cases, be added in computing, and the absolute initial pressure 
must be taken as a starting point ; the atmospheric pressure is to be 
deducted after the result is obtained. For condensing engines, use the 
absolute initial pressure as starting point and drop the atmospheric pressure 
in computing. 
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Col. 2, "the ratio of expansion." for the cut-off in column i, or the 
ratio of the expanded steam to the amount let into the cylinder before the 
cut-oflf took place. 

Col. 3, " Hyperbolic Log+i," of the Ratio of Expansion, in column 2 
(the € denotes the use of the hyperbolic logarithm), and any number in 
column 3 shows the proportion of work done, before expansion and during 
expansion, or the total amount ; taking .01 the ratio of expansion is 100. 
and e+i. =5.605, from which take i and the work done before expansion is 
denoted by the i and during expansion, 4.605 times as much is done as 
before the cut-off took place, and the total is i.+4.6o5=5.6o5, or, as it is 
sometimes written, the i represents the initial work of the steam at any 
pressure, and the 4.605 what is done during expansion, or after the cut-off 
valve has completely closed (supposing that all valves are tight and the 
steam is " dry saturated," or has in it only a small amount of moisture, as 
less than 2% ^ ). 

This is one of Prof. Rankine's formulae, and is written by him as 
pm=pi (i+fr)-^r, or that the mean pressure of any diagram is equal to 1., 
plus the Hyperbolic log. of the ratio of expansion, multiplied by the initial 
pressure, that product divided by the rate of expansion, the result being 
the absolute mean pressure, and this result is all that can be done by the 
steam, and is used to ascertain quickly the percentage of work actually 
accomplished by the engine, compared with the theoretical. The result of 
this table will be " theoretical.** Example — 102 lbs. by steam gauge cuts 
off at .31 of the stroke, engine non-condensing, then 102+14.7=116.7 for 
absolute pressure, the ratio of expansion for .31=3.226 and the a +1 is 
2.171, then 116.7X2.171-5-3.226=78.537 lbs. M. E. P., from which 14.7 
must be taken, as engine is non-condensing, and 78.537 — 14.7=63.837 lbs. 
is the most that can be obtained by that pressure cut-off at .31, but look- 
ing over into column. No. 5 of same table at .31, under heading " K,** we 
find .67301, and, instead of all the figures quoted here, multiply 116.7 by 
.67301 and you will get 78.537 first time (see next paragraph). 

Column No. 5 is a multiplier to be used for any pressure, high or low, for 
the point of cut-off on same line, and the result will be at one operation 
the absolute mean pressure in lbs. per square inch for that pressure at that 
point of cut off as 165 lbs. of steam at .oi=i65X.o56o5=92.482 lbs., or 
34.5 lbs. cutoff at .72=34.5 X. 95689=33.02 lbs., from which is to be sub- 
tracted 14.7 lbs. if engines are non-condensing in all cases. This result is 
the most energy that that pressure of steam, cut off at that point, can exert, 
as stated in previous paragraph, on column 3 ; the letter •* K'* used as 
denoting Constant, and is computed for each one-hundredth of the stroke. 
Multiply any absolute pressure by the "K** for the point of cut-off you 
assume in computation, or find on the diagram under consideration, and the 
result at one operation is absolute mean pressure ; persons familiar with 
the use of logarithms will simply add the log. of " K*' to the log. of the 
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pressure used, if engine is condensing ; the compairison of the planimeter 
area of a diagram with the result as above, will at once give the attained 
efficiency in percentage, while if the non-condensing is used, subtract from 
the result by table "K/' the 14.7, and then figure on loss from theoretical, 
suppose we have 92 lbs. per gauge, cutting off at .41 then ^z+iA-lX-llSl 
=82.968 lbs. mean exerted pressure, if condensing, or 68.008 lbs. if non- 
condensing, what we should have theoretically; but the release and com- 
pression are measured by planimeter and the diagram shows only 62.41 lbs 
and 68.008 — 62.41=5.598 lbs. lost, and 5.598x100-^62.41=89.698^ of the 
theoretical, or 10.302$ of lost area or mean pressure. 

This table is extremely well adapted to computing mean pressures for 
compound cylinders, high, low, intermediate, etc., by finding the greatest 
amount of mean effective pressure and assuming loss by the values on 
some similar engine ; proportions can be made in an hour or two, instead 
of a day or two, in locomotive engines, the factor being obtained from 
some machine by actual card, it simplifies, and on condenser work it is 
simply invaluable, if much is to be done. 



CLEARANCE 

should in all cases be included in the portion of the stroke covered by cut- 
off before the ratio of expansion is determined, or the real ratio of expan- 
sion is the only one to be used, and that includes clearance, and to obtain 
the actual ratio of expansion, we have only to remember the rule, that the 
stroke of the engine in inches, plus clearance in inches or fractions of an 
inch, equals " LV and the distance steam is carried, plus clearance, equals 
" r "; to obtain the ratio then, " L' "-=-" 1' "=actual ratio of expansion ; or, 
divide the total length of the stroke in inches, plus clearance in inches (or 
fractions), by the distance steam was carried in the cylinder, plus the clear- 
ance ; then by reference to the tables find the nearest hundredth at which 
cut-off took place ; if it is a fraction or thousandth, look over into the 
table of multipliers for each thousandth of the stroke, where the multiplier 
K is given for each one-thousandth of the stroke, and proceed as before. 



ECONOMY OF EXPANSION, 

or the gain of working the steam by expansion, is quickly computed by 
the table ; " K " is always a decimal fraction, and " r" has always a whole 
number in it and usually a decimal as well. Proceed as follows : What is 
the gain in cutting off at .64 of the stroke ; then " K " times " r "=gain 
and .92545x1.563=1.446+, or the steam does 1.446 times the work it would 
if the same amount of steam had been used and carried full stroke at the 
same pressure. 
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HEAT UNITS IN WATER FROM 32' TO 212» F. 

QP^ TabUs see pagei MS io te.y 
HEAT, REGNAULT'S ; WEIGHT, RANKINE'S. COMPUTED B^Y THE AUTHOR. 

Col. one is the temperature of the feed-water. Col. two, heat units in 
the water at t'^F. Col. three is weight in pounds avoirdupois of one cubic 
foot of water at t'F., col. one. Col. four, Vega's log. of col. three. Col. 
five is the weight of one U. S. Standard gallon of 231 cubic inches, in 
pounds, at tT in col. one. Col. six is Vega's log. of col. five. Col. seven 
is the cubic inches of water in one pound at t°F. of col. one. Col. eight is 
Vega's log. of col. seven. (Read across the page in all cases.) 

This table has been entirely recomputed by the author from Regnault's 
data as related in his " Experiences " as to the •* Heat Units," and the heat 
in col. two is the amount of heat units abandoned by the descent of the 
water in temperature from t*'F. in the first col. to oX or 32° F. 

In the table of " Heat of Steam " (see pages 39 to 45), " h " in the fifth 
col. of that table is exactly the same as the " Heat Units " in col. two of this 
table, with the difference that in this table the degrees F. start at 32 and stop 
at 212, while in the other they start at 104, or at the temperature of about 
one pound of steam, and run to the extent of Regnault's observations ; and 
if in any computations it is required to obtain the heat of water above 
212'' F., it will be found in that table, " Heat of Steam." In the use of this 
table for the computation for the " Factors of Evaporation," should it in 
any case be required, the two tables, " Heat of Steam " and the ." Heat 
Units in Water," will give all the. information. And, for particular instruc- 
tions as to the method, please refer to the reading matter under this table 
further on, in which full directions are given. 

Tables of the " Factors of Evaporation " will be found on pages 27 to 
38 inclusive ; for each degree F., the equivalent of "from and at 212*" F.," 
or on the supposition that the water is fed into the boiler at 212** F., and 
made into steam at 212° F., or at atmospheric pressure. 

Different writers have put down various divisors for the computation 
for the factor of evaporation. Regnault says 536.5'' C, with no chance 
for further argument, and the author has adopted the equivalent, which is 
965.7° F., as absolutely correct from Regnault's record. 

The weight of water per cubic foot is computed from Prof. Rankine's 
formula, and at 212** F. the weight of one cubic foot, as given in the table, 
is known to be about 1-4-300 in excess of the fact, which difference may 
safely be neglected. From 130'' F. to 32° F. the weight of one cubic foot 
given in this table has very little, indeed, if any, difference from the abstract 
fact, as is known ; above 212° or 213** F. no one knows anything definitely 
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as to its weight. The weight of the U. S. standard gallon of 231 cubic 
inches is also given for each degree ; this can be readily translated into the 
British Imperial gallon of 277.274 cubic inches log. 2.44291 by multiplying 
the weight in col. 5 by 1.2003 log. 0.07930 ; the British Imperial gallon is 
supposed to weigh at 62° F. precisely ten pounds ; this is not absolute, for 
at 62** F. it requires 277.123 cubic inches of water to weigh precisely 10 
pounds avoirdupois, or 70,000 grains, the difference is immaterial unless in 
the computation of very large quantities ; at 39.1° F. the British Imperial 
gallon weighs 10.0168 pounds (log. is 1.00073) and a cubic foot at that 
temperature has 6.2321 (log. 0.79463) Imperial gallons in it. 

The seventh col. of the table has grown out of the author's note-book 
from measuring irregular and non-accessible tanks and other places, in 
order to get at their capacity in gallons or pounds, as well as measuring the 
clearances of engines which were difficult, but where exactness was re- 
quired, and, so far as his knowledge goes, there is no table to-day in print 
with the same data in condensed or correct form. In measuring clearance, 
fill with water, taking the temperature when it is drawn off in degrees F. and 
weigh the water carefully in pounds avoirdupois, then multiply the cubic 
inches of water in one pound, in col. seven at the temperature, by the pounds 
and decimals of a pound, if any, and the result will be cubic inches of space 
(clearance), 6.5 pounds of water at 92' F.=27. 82 1x6.5=180.837 cubic 
inches of clearance. 

The weight of one cubic inch of water is the weight of one cubic foot 
divided by 1728, or the reciprocal * of the cubic inches in one pound, or one 
divided by the cubic inches in one pound. 

The pressure of one inch of water in depth, is the weight of one cubic 
inch of water at any temperature ; the pressure of one foot of water per 
square inch is the weight of one cubic foot divided by 144. 

The number of inches of water in height, or the depth of a column of 
water at any temperature to equal one pound per square inch pressure, is 
the cubic inches in one pound. (Col. 7 of the table, pages 23 to 26.) 

The height of a column of water for any pressure, or the pressure for 
any height, is readily calculated by using column 7, reducing the feet and 
multiplying or dividing, as may be required. 

The weight of a cubic inch of water at 133° F.=i-t-28.o93i=.o35595 
lbs. or 6i.509-M728=.035595 of one pound. 

The pressure of a foot of water on a square inch will be found by 
dividing the weight of one cubic foot by 144; as 6i.509Xi44=.427 15 pounds 
per square inch, it is also the weight of a column of water one inch square 
and 12 inches high at 133° F. 



* The reciprocal of any number is one, divided by the number, and the result of multiplying 
any number by its reciprocal, or vice versa^ is ONE. 
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The weight of one cubic inch of water .035595 Xi2=.427 15 lbs. per 
square inch=thc weight of a column of water one foot high and one inch 
square, at 133* F. 

The correctness of pressure gauges upon pumping engines can be 
readily found by this table; suppose the pressure gauge indicates 84 lbs. 
on the square inch and the water is 72° F., then it requires a column of- 
water 27.7377 inches in height to weigh one pound, and 27.7377 inches 
=2.31147 feet X 84=194 16 feet and if the height is known to be different 
then the inaccuracy is at once shown. 

The height of the column which is raised by the pumping engines is 
reported at 216 feet 4 inches, and the pressure gauge at the pumping en- 
gines shows 95. pounds per square inch, the water being 58' F. (See page 
23)=27.7oi5 cubic inches in a pounds or 2.30846 feet in height and 216 
feet 4. inches=2i6.334 feet -r- 2.30846=93.713 feet of head ; and the press- 
ure gauge is wrong by that amount. 95-93.713=1.287 pounds of error. 

COMPUTING THE FACTOR OF EVAPORATION FROM THE SAME TABLE. 

In the use of the talJle " Heat Units in Water," for evaporation factor, 
care must be taken in remembering that the heat in water is not the tem- 
perature of the first column, but of the second column. The heat units in 
the second column must always be used in figuring for evaporation. 

If the thermometer shows 50° F. for the feed-water, take the second 
column, reading in computation, as 18.003 heat units in a pound of water 
at 50"* F., turn to table " Heat of Steam," pages 39 to 44, and take the H. 
at pressure of steam, from which subtract " Heat Units in the Feed- 
Water," and divide by 965.7 ; thus, feed-water 50^* F., and steam at 105 
pounds by the gauge, what is the factor of evaporation ? 5o*'t of feed- 
water = 18.003 heat units. (See page 23). 105+14.7=119.7 pounds abso- 
lute pressure. (See page 43), fourth column, tells what the pressure is, 
between 340 and 341'' F., find 119.000 pounds, the difference in thermal 
units is so slight, while at 340 H.=i 185.56 — 18.003=1 167.53-^965. 7=1. 2090, 
and on turning to page 31 and find feed-water 50° F., steam at 120 pounds, 
and it will be found that 1.2094 is the factor. Or, by turning to page 34, 
find K. as .00020 at 115, and 4x.ooo2o=:.ooo8, added to 50' F. and 115 
pounds we find 1.2084+0008=1.2092 ; the slight difference will be seen to 
be two ten-thousandths of one. 

THE VOLUME OF ONE POUND OF WATER. 

At 39.1° F., the point of greatest density, one cubic foot of water 
weighs 62.425 pounds (log. 1.79536). The volume of one pound is the 
reciprocal of 62.425, or 1-7-62.425, to use the log. 1.79536, gives 8.20464 — 
10, or the volume of one ptfund of water at 39" F. is .016019 o^ ^ cubic 
foot. 
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Quite a number of formulae are given by various writers to compute 
the volume of a pound of water from the absolute temperature. None of 
these are so nearly correct as Rankine's, which is as follows ; The absolute 
temperature divided by 5oo,+5oo divided by the absolute temperature (the 
result), multiplied by .0080095 (log. 7.90361 — io)= the volume of one pound 
. in fractions of a cubic foot ; and the temperature in the left-hand column, 
"Heat Units in Water," page 23 ; to this add 461.2, then carry on the 
computation as above ; but, to save the trouble of all this computation, 
take the reciprocal of the weight in a cubic foot as advised, which can be 
done in a moment by the use of a table of logs., and it will give the value 
of a pound of water at any temperature within one, or two-thousandths of 
one, or so nearly so as to make no practical difference. 

To compute the volume of a pound of water at 200" F., proceed as 
follows: (200+461.2=661.2-^-500=1.3324) -f- (500-7-661. 2=.7562) 1.3324+ 
. 7562=2. o886x.oo8oo95=.oi6649, which is the volume of one pound as a 
fraction of one cubic foot at the temperature of 200'' F.; the reciprocal of 
this amount is 60.065, which is the number of pounds that a cubic foot of 
water weighs at 200** F. By reference to page 26 of the table, the weight 
of one cubic foot at 200° F. will be found to be 60.071, a difference of six 
one-thousandths of one pound. The weight in the table is correct nearer 
than the weight by the formula, but the computations of the table are more 
difficult than that of the formula, but the computation by the formula is 
far nearer correct than most practical work requires. When necessary to 
compute the volume required at any heat, of a large amount of water, as in 
a tank, the formula will be found closely precise, and by using the log. in 
col. 4, as before directed, it takes less than one minute to ascertain the 
volume of water at any temperature between 32° and 212° F. 

The volume of one pound can easily be turned into gallons or cubic 
inches by the use of the table, or vice versa. 



FACTORS OF EVAPORATION. 

(See pages m toS8.') 

Taking Regnault for authority, we find that it requires 965.7 British 
thermal units as the latent heat of evaporation of one pound of water at 
2i2°F. The total heat of steam divided by the latent heat of evaporation of 
water at 2 1 2*'F gives a multiplier by which the weight of water actually evapo- 
rated by each pound of fuel is to be multiplied to reduce to the equivalent 
evaporation of "from and at 212° F." The total heat is modified by cir- 
cumstances materially, and the rule is as follows, from the table ** Heat of 
Steam " (pages 39 to 45) take H in any pressure under col. P., or take 
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any temperature from the first left-hand col. in F\ from H. take the heat 
units in the feed-water at any apparent temperature, the remainder divided 
by 965.7 gives the factor of evaporation or what would have h^ippened had 
the water been furnished at 212° F. and evaporated at 212** F. (for 
temperatures less than 104 h. must be taken from the table "Heat Units 
in Water," pages 23 to 26) many formulae have been given for this, but the 
correct one is H-h~965.7 in using this formula it must be borne in mind 
that the temperature of the feed-water at 100'' F. has 68.080 heat units, so 
that if the feed-water in any case measures 100° F. on the thermometer, 
100 must not be subtracted from H., but the heat units in a pound of water 
above 32° F. ; as in the table referred to (page 23) and this difference is 
not constantly 32° F. between the first and second col. The table " Fac- 
tors of Evaporation,'* as given in this work, are divided into three sections, 
commencing with feed-water at 32° F. and steam of fifteen pounds or 
213* F. The first section includes 15 to 75 pounds absolute, the second 
section commencing with 80 pounds to 130 pounds absolute, and the third 
section commences with 135, closes with 200 pounds absolute, every degree 
from 32 to 212 is given, and at the end of each section opposite the (K) in 
the left hand col. is given under each pressure, a constant for every pound 
between the left hand and the first col. to the right hand. A note at the 
foot of the last page of each section explains the use of the line K, so that 
the factor can readily be found for each pound or fraction of pressure be- 
tween 15 and 200 pounds absolute. With feed-water from 32 to 212° F. 
in the table (pages 27 to 38), and these factors are correct and are reliable 
as matters of reference. In the economy of feed-water heating which 
follows this article many questions will be answered. To obtain the exact 
factor of evaporation at any point ; ** we have steam at 90 pounds absolute, 
the feed-water is 132*' F." (page 84), 90 pounds absolute=3 20.042' F. (page 
43), H=ii79.54 feed-water (page 24)=i32° F. the heat units are 100.202 or 
(h); then Il79.54-Ioo.202=I079.338-^965. 7=1. 1177 which is the equivalent 
of evaporation. (Page 33) feed-water at 132° F., steam at 90 pounds abso- 
lute, we find the factor of evaporation is 1.1177. 

MOISTURE IN STEAM. 

The amount of moisture, or water in steam, has a material effect on 
the value of the factor of evaporation, which is very rarely touched upon in 
text-books or works on the steam engine, and where the quantity of 
moisture in the steam is known from calorimetric test the computation of 
the factor equivalent of evaporation is different from the above and has 
often a very important effect where efficiency and economy is concerned. 
It may seem rather a curious fact that the consequence of moisture in 
steam requires less heat to dispose of a certain quantity of water, but such 
is the fact and the amount of this is, the percentage of water does away 
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with an equivalent percentage of latent heat of evaporation, the more water 
in the steam the lower the factor of evaporation is. This simple element 
would frequently make large differences in "high duty plants." For example, 
take 90 pounds absolute, feed-water at 100, 10^ moisture, in this case we 
must take the sensible temperature which is 320** F+ from which subtract 
the sensible heat of the feed-water, to this add the percentage of latent 
heat realized which is 90. and divide this amount by 965.7, worked out this 
becomes 320-100=220 (page 43) L for 320° F=888.48x. 9=799.6 and 220-I- 
799.6=1019.6-5-965.7=1.0558 as the factor of evaporation with ioj< of 
moisture present in the steam (refer to page 32) feed-water 100" F., steam 
90 lbs. per sq. inch, the factor is 1.1509, which is quite a difference, the same 
rule is applicable to any amount of water or any pressure of steam. Rule 
. . . .From the sensible temperature of the steam at pressure (see pages 84 
and 85) take the sensible temperature in degrees of the feed-water, to 
which add the percentage of steam from which the percentage of water has 
been taken : in the above case ^0% or .9 multiply the latent heat of steam 
at the pressure by this percentage and add the result to the temperature of 
the steam, then divide by 965.7, the result is the factor of evaporation, 
jxioisture in the steam included, it is impossible to make a table to contain 
the last factor, as to moisture in the steam there is from 1% to 30^. 



THE ECONOMY OF FEED-WATER HEATING. 

The temperature at which feed- water enters the boiler is one of the 
most vital of all, relative to steam power, and one of the most generally 
neglected ; with the tables in this volume it is not a difficult matter to 
correctly compute the saving at any temperature, to any temperature ; 
or as between the percentage of saving from one to another degree in the 
feed-water. The difference between feeding at 70° F. and 210'' F. to 125 
pounds absolute, or j 10 steam gauge, is found by dividing one factor of 
evaporation in the table by the other, 70"* F. to 125 pounds absolute or 
344" F. (seepage 31) is 1.1896, 210' F. (page 34)=i-o438-r 1.1896= 87747, 
which, subtracted from 100=1 2. 253}^ saved, taking the water from the 
source of supply at 70" F. putting it through the feed-water heater into the 
boiler at 210° F.; and this computation can be made for any range of in- 
crease, as from the hot well, or condenser, through the heater or otherwise. 

Taking another example, 60' feed-water and 208" F. to pass through 
the heater to the steam pressure of 125 pounds absolute or 344** F. the 
percentage of saving is 12.841 — the above answers the most usual require- 
ments. 
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In order to ascertain the saving at any one point, or perhaps we might 
say the loss, a different method of computation is used ; let us take 125 
pounds absolute pressure or 344' F. and ascertain the loss by feeding at 
60** F. as compared with 208° F., the temperature of the steam is 344° F.; 
if the feed-water is 60** F. we have to raise the water from 60" F. to 344** 
F=:284** F. (see "Heat of Steam," page 43 and 44) "H " is ii86.8o and 
284-r- 1 1 86.80=23. 93Jt of heat lost; — ''rule; take the temperature of the 
feed- water from the temparature of the steam at the given pressure, the 
remainder is the number of degrees of heat the water has to be raised for 
steam at that pressure, and the total heat of steam at that pressure (H)-7- 
the number of degrees the feed- water has to be raised, gives the percent- 
age of loss of heat. 

For another example, feed the water at 208"* F. and 125 pounds 
absolute, 344-208=136-— 1186.80=1 1.459 as the percentage of heat wasted 
in feeding water at 208° F. into the boiler, which is under a pressure of 125 
pounds absolute, and temperature of the steam is 344+°F., taking the first 
example as worked out by reciprocals the saving is 1 1 4595^, feeding into the 
heater at 70° F. and through the heater into the boiler at 210° F.; by the 
second method we find that feeding water at 60° F. wastes 23.935? of the 
heat, while feeding at 208" F. wastes 11.459^ and 23.93 — '11.459=12.471 to 
show the connection with the previous example ; taking the feed-water at 
60'' F. and raising the heat 284^ F. the loss is 23.935^; taking the feed-water 
at 80° F. and raising it 264** F. the percentage of loss is 22.244 ; taking the 
feed-water at 120 and raising it 224'' the percentage of loss is 18.874 ; at 
190" F. the raise is 154** and the loss is i2.976j<; at 208° the raise is 136 ; 
the percentage of loss is 11.459. 



HEAT OF STEAM. 

iSee pages S9 to Ji5.) 



In the table given, the results of Prof. Regnault below 40' C. are 
omitted, but from 40° C. to 230° C. or 104" F. to 446'' F. they are given 
exactly as Regnault recorded them, and all are figured from 32"* F. to save 
the perplexity of adding and subtracting so frequently called for by various 
tables. 

The (+) points are precise equivalents of the C° of the original records, 
and are checked in every instance. H is the total number of British ther- 
mal units in one pound of steam, at pressure per square inch of col. P, or 
temperature in F^ of left-hand col. L. is in K T. U. the latent heat of 
evaporation, required for one pound of steam from water (or heat of vapo- 
rization). P is pounds pressure per square inch (absolute) and (h) is the 
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heat units in one pound of water at P, or temperature of feed-water col. i, 
h. in the table commences at 104" F. and is the same as col. 2 in ** Heat 
Units in Water," pages 23 to 26, to which reference will be had if a lower 
temperature is wanted than 104° F.; from 432 to 446 the P is omitted ; some 
doubt existed in Regnault's mind, and for that reason the author has left it 
out. 

If the fact that L+h does not equal H is noted, let it be said the author 
does not attempt to do what Regnault did not, . 

Columns H. L. h. are Regnault's. P is the reduction of Regnault's 
figures from Paris observatory to sea level and 45 ** Lat. by the author. The 
table can safely be used as reference. 



STEAM TABLE FOR EACH F^ 

{See pages ItS to 59.') 

The temperature of the steam for each F° is given in the first column. 
The second column is the inches of mercury at the equator, or no latitude 
at the level of the sea, the mercury at its point of greatest density, 32'' F. 
The third column is Vega's logs, of column two. The fourth column is 
the inches of mercury at the latitude of 45° at the level of the sea, and the 
mercury at 32" as before. Column five is Vega's logs, of column four. 
Column six is the pounds per square inch of pressure of the vapor of 
water at the temperature in column one at 45° latitude at the sea level and 
the mercury at the temperature of 32" F., its greatest density. This col- 
umn is what Regnault, Rankine and Dixon all riefer to as the practical 
standard, and from this column the precise length of a pound of pressure 
of mercury per square inch can be computed, knowing the factor of expan- 
sion or dilation of mercury, for any latitude and elevation above the sea. 

The mercury column is worthless unless its height above the sea level, 
the exact latitude of the place, and the temperature at which it is laid out, 
are all included in the computation and put upon the record ; and when 
this has been done, a steam gauge or indicator spring, properly tested by 
that column, in that place, becomes correct at any latitude or longitude of 
the earth's surface. But unless that mercury column has been carefully 
computed and accurately laid out, its observations then corrected for the 
changes of temperature in the mercury for each and every operation, it is 
entirely worthless and utterly unreliable. This table gives one an opportu- 
nity to compute from the equator or from 45'', and to check ihe operations 
wherever such are needed ; it gives pressure with exceeding accuracy, and 
in many instances, where high duty tests are concerned, a standard ther- 
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mometer used as a steam gauge in a paraffine oil tube in the main steam 
pipe, or in the same way in the condenser, are far more accurate than any 
steam gauge the writer has yet tested. And if the temperature of the 
vacuum should be required in any of these computations, it will be found 
on page 71, column two, reading upwards, commencing at 14.7, absolute 
pressure, in column one, or in steam-gauge pressure, column two, the tem- 
perature is found from .7 of a pound to 13.7 pounds. Parties who require 
accurate data in testing, and -who have never followed this method, will be 
surprised at being able to check their results. The steam table on pages 
46 to 52 is original with the author so far as its arrangement goes, and by 
knowing the factor of the expansion of mercury, it is sufficiently accurate 
to compute a mercury column in inches, or in pounds, by using any of the 
well-known formulae which embodies both quantities, but is not given here. 



TABLES OF HYPERBOLIC LOGARITHMS TO 
FIVE PLACES. 

{See //. BS to 66.^ 

The usual tables of hyperbolic logs, are not only exceedingly incom- 
plete, but are, in many cases, incorrect, the table given in pp. 53 to 66, 
is entirely computed from Vassal by the author. 

This table has a range of from one and one-hundredth^ up to thirty, by 
hundredths of one^ and while the table is extended materially over most of 
those in recent works, it has been done for two reasons. If our late ex- 
periences in test work are of any value, we have to carry three, four or 
usually five (decimal) places, to our results in order to compute final 
quantities, and the usual tables, running up to eight or nine, are of no use 
on our new triple or quadruple expansion engines, where from twenty-two 
to twenty-six expansions are the rule, and the writer had to stop all else 
frequently and compute the hyperbolic log. for 21.342, or some other ratio, 
by the old rule of the common log. of any number multiplied by 2.302581 
+= the hyperbolic log., or the log. of the log, of any number, + the log, 
0.J6221JJ = the hyperbolic log., usually denoted by the Greek short b thus 
(f). But there is another reason why the table had been extended to five 
places and the long ratio of expansion. 

There are so many men who think a 3 or 4-place log. is all that is 
necessary, and from their very familiarity they consider that everybody 
should be equally so, forgetting that all persons who use such tables can- 
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not interpolate (snentally), and drop or add a unit to the last figure, with 
any degree of correctness ; for such as these the author or his book has 
neither use or advantage. If any man who is a receptive student, and 
retentive of his reading, has been over Rankine's different books, in each 
of which he makes use of some portions of another, and in his various 
computations made by four-place logs., he has frequently given his results 
from the very same formulae with slight differences, and no man does or 
has lived who was more careful or thorough in his computations, and he 
also speaks of such a result as "approximate," " closely approximate," etc. 

The author considers a five-place log. as the smallest number to be 
considered for " closely approximate " computation, and with Vega's or 
Bruhn's seven-place tables in hand (Bruhn's preferred, on account of the 
larger figures and clearer page) it is easy to read five places closely and 
quickly, and with just ten times the resource, hence five places are adopted 
in hyperbolic and common logs., a beginner in logarithmic computation 
had. far better take a seven-place table, the two named are the very best to 
be had (never touch a six-place table) and progress to smaller number of 
places by experience. 

The old tables are frequently at jumps of .05 in ratio, and frequently 
only two places decimal ; this might have done thirty years ago, with 30 or 
35 pounds of steam cut-off at six or seven-tenths of the stroke, but is of 
extremely little use or advantage with our compound ratios of expansion 
running from 9 to 26 or 28 and with initial pressures all the way from 140 
to 225 lbs. per square inch absolute. 

Any ratio of expansion up to 30 can be found instantly by direct 
reference to the table. Should any higher ratio be desired, the following 
will be easy for any one : Supposing you want a ratio of expansion of 31;, 
then the hyperbolic log. of 3.5 + the hyperbolic log. of 10. gives the hyper- 
bolic log. of 35, and we have log. 3.5=1.25276 and log. £=2.30259+1.25276 
=3.55535, which is the log. e of 35. Any log. b in the table can be increased 
10., 100., 1,000. or 10,000. times by adding to the log. e given in the tables ; 
the log. e of io.=2. 30259, log. e of ioo.=4.6o5i8, log. s of iooo.=6. 90777, 
log. e of ioooo.=9.2io34. The addition of a log. e to another log. a multi- 
plies it ; the subtraction of a log. e from another log. e divides it, and in 
this way any possible ratio of expansion can be quickly and correctly 
found by the use of the four numbers here given, log. £ or (^ ) either one 
denote the hyperbolic log. (so-called) is to be used. 

As many men who have not had educational advantages frequently 
ask, what has a hyperbolic log. to do with a steam-engine diagram, a short 
explanation is added. In any engine where the valve closes before the 
end of the stroke, and so prevents more steam fron> entering, that portion 
of the stroke which is made after the valve closes, is made by expansion, 
and the line of pressure, if put on an indicator card, at a given scale to 
the length of the stroke, will describe a hyperbolic curve, or a curve which 
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is in form some portion of a hyperbola. Tlie work done by the initial 
entrance of the steam, or before the valve closes, is represented in all com- 
putations by I. in the much-used formulae where we say, "The hyperbolic 
log. of the ratio of expansion plus i.," in order to get the ratio of expan- 
sion, we must know the portion of the stroke at which the valve closed, or 
where it cut-off ; then divide the whole stroke by the proportion of the 
stroke steam was carried, and the result is the ratio of expansion : — or 
before cut-off i., after cut-off the hyperbolic log. of " r " — is the proportion 
of work done during expansion, and if steam is cut off at three-tenths .3 
of the stroke, we have 1.-^.3=3.334, which is the ratio of expansion, and 
the log. e of 3.334 is 1.204, and, to get at it precisely, the work done by the 
steam to the point of cut-off is equal to i. and that during expansion is 
equal to 1.204, or more than the initial, and if the area of the diagram was 
measured to the point of cut-oflf as one quantity, and the expansion line 
for the rest, always remembering we go to the vacuum line, in this compu- 
tation, for the other, we shall find the first portion is i. and the second will 
be 1,204 times as much, and the two numbers added together show the 
amount of work done by that pressure of steam, cut off at that point of 
the stroke, expanded that number of times, as compared with the same 
amount of steam worked with no cut-off or expansion. 

The ratio of the log. e varies for each variation of the point of cut-off^ 
and in this particular connection the log. from the table is used as a number 
and not as a log, in computation^ or, to put it differently, the multiplier for 
the ratio of expansion consists of a number which is made up of two ele- 
ments ; in this case ratio of expansion is 3.334, the log. is 1.204, to which 
we add i.; now we have 2.204, ^"^ i^ we want the mean pressure of 100 
lbs. cut-off at .3 of the stroke, we say 100X2.204=220.4-^-3.334=66.120 lbs. 
as absolute mean pressure ^ or look in the table of " Cut-off ratio of expan- 
sion," etc., in line .30 we find .66120 as the multiplier for awy initial pressure 
at .30 cut-off, and this means we get, as explained above, i. for initial and 
1.204 for expansive work of the steam ; study clearance as connected with 
cut-off ratios. 



CLEARANCE INCLUDED, AS CHANGING RATIO 
OF EXPANSION. 

Clearance in cubic inches -7- area of piston X the stroke in inches = 
clearance in fractions of the stroke. 26'', cylinder 60", stroke 286 cubic 
clearance = 286-^53o.93x6o=.oo8978, or less than one per cent. 

Clearance in cubic inches -?- area of piston = clearance in cubic 
inches x stroke in inches, either formul8e,= the equivalent of the cylinder 
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in inches or fractions of an inch ; 286-t-53o.93=.53868 (or .008978x60= 
.53868), equal to .53868 inches in length added to the stroke on the diagram, 
to compute actual ratio of expansion, or the percentage of clearances, 
.oo8978x6o=.53868o inches added to the stroke, or cubic inches of clear- 
ance equal a trifle over one-half of an inch added to the stroke. 

To find actual ratio, suppose the diagram showed a cut-off at K stroke 
equals 15 inches, the ratio (apparent) is from .25, and would be 4., and 
log. «+i.=2.386 K =.59650, and with too lbs. it would give 59.^50 lbs. 
absolute M. E. P. To correct this for clearance, length of stroke = L, 
length of cut-off in inches = 1, and clearance = c; then L + c = L', and 
1+0 = 1'; and to get corrected clearance we say : U-^^, or the length of 
stroke + clearance in inches of stroke, divided by the length at which 
steam was cut off,+ clearance in inches of stroke; then 60.539-5-15.539= 
3.896 as R' or the corrected ratio; the former R = 4., as above, 3.896 less, 
between .25 and .26 of cut-off in "cut-off ratio of expansion," or about .1 
above .25, and by looking in table of multipliers of one-thousandths of the 
stroke, we find .59789 as multiplier, or 59.789 lbs. M. E. P. as correct 
results. 

Taking a case from actual practice, piston 10" diameter, 10'' stroke 
clearance = 291. cubic inches, cut off at 3.21"; then ic-j- 3.21 = ratio of 
expansion 3.1152, or between .31 and .32 of the stroke. Volume of the 
cylinder 785.4 cubic inches, and 291-7-78.54=3.705 inches of clearance to be 
added to stroke, 291.-=- 78.54Xio.=37.o5 per cent, clearance in the engine, 
as above, and to find the actual rate of expansion, clearance inducted, 
L'=io"+3.7o5" or 13.705" and l'=3.2 1+3.705=6.925", and 13.705-^-6.925= 
1. 9791 R', or actual ratio of expansion, or between .50 and .51 of the stroke, 
nearer .51+. These engines were running the electric light plant in one 
of the finest buildings in New York City. 

Rankine gives a rule by which R' can 
be computed by a little care as follows, 
and to apply the figures of the last engine 
to this formula, apparent : " R "=3.1152, " c "= 1 + c 

.37 ; then divide i. by 3.n52,=.32io6 ; add the "c "=.37, and we have .69106, 
and dividing .69106+1.37 (ori.+"c")and we have .50443, and i.-j-. 50443= 
1.982 as the actual ratio or " R "». To aid those unused to formulae it is 
repeated, with the factors of this problem. Any other similar problems 
are with ease computed, especially with table of logs. 



|-+c' 



I I. and add (c.) .37 ; then that result is 

3.1152 "^ '^^ ^^ 3"5^ divided by i +.37=.50443» and i.^ 

I. + .37 .50443=1.982, given as 1.9791 above, as 

R' or actual ratio of expansion. 
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ENGINE CONSTANTS. 

COMPUTED ENTIRELY BY THE AUTHOR. 
{See Pages 67 to 70 for the Table.') 

Col. one is the diameter of the piston or cylinder in inches by quarters 
of an inch, from 6 to 37, then by half inches to 61, and then by inches 
to 117 inches in diameter. Col. two is the area of piston or cylinder in 
square inches entirely computed. Col. three is Vega's log. of the area. 
Col. four is the constant for one pound of ^ mean pressure per square 
inch for the piston running at the speed of one foot per minute, or for 
each foot of its motion. Col. five is the constant for one pound of mean 
pressure per square inch, for the piston running one hundred feet per min- 
ute, or for each one hundred feet of motion of the piston. Col. six is the 
constant for one pound of mean pressure per square inch for the piston 
running one thousand feet per minute, or for each one thousand feet of 
motion of the piston. Col. seven is the log. of col. six, and by changing 
the characteristic it can readily be made use of for cols, four and five as 
well as col. six. Col. four is one of the most important factors in the pro- 
portioning of compound-engine cylinders that the author has ever found, 
and it is inserted in this place more for that purpose than for the obtaining 
of horse-power from indicator diagrams ; but it is frequently useful in 
other ways. 

The areas in this table are intended to be reliable, and the real pur- 
pose of the table is to make it easy to compute constants for each or any 
engine cylinder with which the engineer may have to do. The constants 
are based upon the usual formula of *' The area X by the speed of the 
piston in feet -4- 33000," the amounts in cols, five and six being the exact 
amounts of horse-power on the piston of the diameter of col. one running 
either at one hundred or one thousand feet per minute for every pound of 
mean pressure exerted. 

To ascertain the horse-power of an indicator diagram, after the mean 
pressure is computed, it is only necessary to multiply the mean pressure of 
the diagram by the constant for the number of feet that the piston makes, 
on the data given by the indicator diagram. If we have a 10X10 inch 
engine, running 375 revolutions per minute, and the diagram shows a mean 
pressure of 72.31 pounds, 375 revolutions X 20 inches for each revolution 
-i- 12 inches, to reduce it to feet, gives 625 feet of piston speed per min- 
ute, and the constant for 10 inches diameter is .238 of a horse-power for 
each one hundred feet, and as we have 6.25 hundred feet, .238x6.25=1.4758 
horse power for each pound of mean pressure on that engine at a speed of 
625 feet per minute, and this constant remains good for that engine at that 
speed ; 1.4875 horse-power x 72.31 pounds gives 107.56 + horse-power as 
the result. 
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Taking col. six, if any engine constant is to be multiplied by the feet 
of speed of the piston as a decimal, if the speed is less than one thousand 
feet per minute, taking the loxio, at 625 feet per minute, to get the con- 
stant for that speed on that engine, lo-inch in diameter at a speed of one 
thousand feet per minute, gives 2.38 horse-power for each pound of mean 
pressure, and is the constant when that engine runs 625 feet per minute ; 
2. 38X. 625=1. 4875 horse-power for each pound of mean pressure, and this, 
multiplied by the pounds of mean pressure upon any diagram from that 
engine at that speed, gives the horse-power. Taking a 26x60, running at 
62.4 revolutions per minute, 62.4x10=624 feet of piston speed per minute ; 
26 inches at one thousand feet=i 6.089 horse-power for each pound of mean 
pressure, and 16.089X. 624=10.039 horse-power for one pound of mean 
pressure on that engine at that speed. And suppose that the speed of that 
engine changes somewhat, running only 61.6 revolutions, and you require 
to know how much difference it will make in the power : 61.6x10=616 feet 
per minute, and 16.089X.6 16=9.9109 horse-power for each pound of mean 
pressure. 

Any engineer who keeps track of the different speeds of his engine can 
also keep the record of the different constants, and will not need to com- 
pute them but once for the same speeds. 



TABLES OF PRESSURE, TEMPERATURE, VOLUME 
AND DENSITY OF DRY SATURATED STEAM. 

This table will be found different from any table which has been 
printed up to this time, but if reference is had to " Miscellaneous Scientific 
Papers," oftener spoken of as the " ^(emorial Volume," which was published 
after Prof. Rankine's death, or to the mass of his contributions to the 
" Engineer," and to the various " Royal Society Proceedings," and " Philo- 
sophical Transactions," the abstract facts with reference to the volume and 
density of steam, both from Rankine's theory and his working out Reg- 
nault*s results, will be found. It is strictly upon Regnault's experiments 
that the density of steam in this table is computed ; it is from Rankine's 
basis of " Dry Saturated Steam," which, at atmospheric pressure, gives 
26.36 cubic feet in one pound avoirdupois. 

Different starting points have been made use of by different authors, 
and in some instances the " Thermo-Dynamic " computations have been 
followed, and this system is usually applied for the purpose of bringing the 
density, or the volume, to the exact curve when graphically expressed. 
Regnault, in his most accurate experiments, has most distinctly stated the 
fact that the results pf the observations of his experiments ^^ do noi follow 
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a curve, but vary somewhat from it, running above and below, rarely touch- 
ing the curve exactly;" hence the " Thermo- Dynamic " computation cannot 
be correct if Regnault's is. The writer has made careful investigation 
into everything relating to this, and has decided on following Regnault as 
the most reliable authority, as there is no doubt of the precision of his 
observations from actual experiments. 

Taking Prof. Rankine*s exceedingly careful investigations of Reg- 
nault's data, and Rankine's verification of Regnault's work, and it would 
seem that anything much at variance with the results of one, and the con- 
firmation of those results by the other, must be without a groundwork 
of fact. 

This is particularly noticeable in some of the comparisons made, show- 
mg the variation or deviation' of Rankine's tabulated results, with the 
results of other methods of computation ; while Rankine's work shows that 
he used three or four-place logs., while the results of the comparison were 
made from the use of seven and ten-place logs., but the critical writers did 
not explain this difference. 

Taking all possible data, the fact remains that Regnault and Rankine 
practically agree upon the density or "weight of the vapor of water," 
and this table is computed upon that basis, from Rankine's formulae con- 
necting with Regn2^ult*s observations and results. 

This is by many competent authorities to-day believed to be strictly 
in line with actual fact, so far as any repetition of Regnault's work has 
been possible, that more data has accumulated but to confirm the precision 
of this amount, 26.36 cubic feet to the pound, than any other amount. 

Regnault's experiments were not conducted directly on the density of 
steam, but the data which he gave from his experiments on " The heat 
transferred from the boiler to the condenser*^ by sending from the boiler to the 
condenser, known weights of steam under different pressures, and it is from 
this data that Prof. Rankine remarks, " That whatever may prove to be the law 
" connecting the density, pressure and temperature of steam under other circum- 
^* stances, the densities and volumes in these tables cannot err to an extent appreci- 
** able in practice, for steam obtained under circumstances similar to those of M. 
^^ Regnaulfs experiments, which circumstances are in all important points similar 
" to those under which steam is obtained in ordinary steam engines** 

The tables referred to are those computed by Prof. Rankine [in Manual 
of the Steam Engine] in 1849, published in 1855, and were perfectly cor- 
roborated by Fairbairn & Tate, whose experiments were published in 1859, 
and, if the reader desires and will refer to the volume of " Miscellaneous 
Scientific Papers," the fullest explanation will be found as to why Fairbairn 
& Tate's results differed from the results of the " Thermo-Dynamic Theory," 
and why certain discrepancies appear in those tables ; also why 26.36 cubic 
feet of steam at a pressure of one atmosphere for " dry saturated steam " 
is the correct amount. 
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There is certainly no authority that will compare with Regnault's 
observations for accuracy, and not only in corroboration of that authority, 
does stand, or has stood, higher, and nearer indisputable than that of the 
late Prof. Rankine. 

Prof. Cotterill, in his '* Steam Engine," which is, without the least 
exception, critical, compendious, and exceedingly impartial in all his 
deductions, has adopted in the edition of 1890 almost the identical basis 
that the writer has in this volume ; but in the strict use of Rankine's 
formulae by the author of this volume, the differences are less in this some- 
what at higher pressures than with Prof. Cotterill, and it is as certainly the 
fact that the weight of one cubic foot of steam by direct experiment, as is 
known, up to 70 lbs. absolute, is very slightly more than the weight as com- 
puted by either Prof. Cotterill or the author of these tables. Yet, in many 
of the tables now used, the density is given as less and the specific volume 
is more cubic feet in one pound, while the fact is absolutely the reverse, so 
far as the actual result of reliable experiment is now known. 

The tables in this volume are as nearly correct as our present knowl- 
edge of the subject will permit ; every result in the table has been carefully 
computed from the formulae referred to, and the author's intention is that 
they shall be correct. 

The first column is absolute pressure. 

The second column is steam-gauge pressure. " 

The third column is temperature nearest F. degree. 

The fourth column is cubic feet in one pound or specific volume. 

The fifth column is five-place logs, of column four. 

The sixth column is weight of one cubic foot of steam or density in lbs. 

The seventh column is logs, of column six. 

The eighth column is cubic feet of steam from one cubic foot of water 
or relative volume. 

The ninth column is logs, of column eight. 

The various ** heats " of steam are not connected with this table, for 
the reason that this is a working table, not a theoretical one, the author's 
design being to make it for the information of students as well ; — but 
for computations in which total heat, latent heat and heat of steam is con- 
cerned, please refer to the tables " Heat of Steam '* on p. 39, " Steam 
Table of F. Degrees," p. 46. 

In the table of " Pressure, Density, etc.," the third column is the tem- 
perature to the nearest degree, as it is a certainty that the pressure of steam 
in pounds per square inch has little regard for the temperature in even 
degrees, the writer has adapted what he has for many years practiced, 
using the gauge pressure, referring to the absolute pressure for tempera- 
ture, and then going to the " Steam Table of F. Degrees " for the exact 
pressure for that degree. In the present work the pressure and density 
table gives pounds for computation ; the table " Heat of Steam " gives the 
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total heat, latent heat and heat of the water, while the " Steam Tables of 
Regnault's" give the precise pressure both in millimeters in mercury and 
pounds per square inch, each table having its own properties, each being 
complete, and, with a little familiarity on the part of the user, there will be 
no wish to refer to the ancient arrangement. The table of Pressure, 
Density, etc., has in it all the elements for the computation of pounds of 
steam or water per horse-power ; for evaporation tests in connection with 
the other tables, and for the now fashionable *• hypothetical test," the addi- 
tion of the logs, to the various tables will be appreciated by those who have 
much such work to do. 

Attention is called to the various uses of the terms ** specific volume " 
and "relative volume" in the present table ; specific volume is the number 
of cubic feet of steam in one pound, while the relative volume is the cubic 
feet of steam at that pressure which are made from one cubic foot of water. 
In computations for condensation of steam, and so much of the calculations 
which are now given with condenser, elevator pumps and a variety of new 
factors, this table is a whole book, and will be referred to further in general 
items. Each pound in the table is complete, from absolute zero or minus 
14.7 to 250 lbs. absolute pressure per square inch. 



REGNAULT S RESULTS AT THE PARIS 
OBSERVATORY. 

(AV* Pagf* 76 to 78J) 

Col. I is the degrees C. Col. 2 Regnault's record of pressure in millim- 
eters at the Paris Observatory, 48° 50' 14" north latitude 60 meters above 
the sea level. Col. 3 Vega's seven-place logs, of col. 2. Col. 4 is the pounds 
pressure per square inch at a latitude of 45 ** at the sea level, the mercury 
at the temperature of 32" F. Col. 5 is the log. of col. 4. Col. 6 is the 
degrees F. equivalent to the degrees C. in the first col. 

The first two columns of this table are precisely what M. Regnault 
left on the record in his final report, entitled " Relations des Experiences 
sur Machines k Vapeur," Tome i, printed in 1847. This was revised after 
the first report was printed in the " Memoirs of the Academy of Sciences." 
After its first publication some typographical errors and a few minor errors 
in the formulae were corrected, and it is from this revision that all the 
author's work had been done, except some of the comparison, and the cor- 
rection of several apparent typographical errors which are in Tome i, have 
been corrected in the tables, but beyond that, no change has been made in 
any way directly or remotely. Regnault's results are, without doubt, so 
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nearly correct that any attempt to improve them, would end in far more 
inaccuracy than now exists, from the fact that changes would be utterly 
misleading. 

The processes of his work, and his peculiar methods of ascertaining 
and eliminating errors have elicited only the highest commendation of 
men who are aware of the difficulties attending such experiments, and the 
amount of careful labor involved in researches so extensive as those which 
he made. 

Much comment has been passed on M. Regnault's work, much re- 
computation has been attempted, and various authors have advanced many 
suppositions. The author, after studying Regnault and roughly translating 
its important parts, had a carefully corrected and compiled translation 
made, which is shortly to be published in another volume ; and from a long 
acquaintance has drawn only one conclusion, namely, M. Regnault's work 
is far better as he left it than the efforts of later authors to make improve- 
ments on it ; the table has Regnault's final deductions at the close of his 
work upon steam, and the reduction made in that table is by the formulae 
of the Rev. Robert V. Dixon, A. M., Professor in the University at Dublin, 
1849, and to which Prof. Cotterill, in his "Steam Engine," refers as 
"having been done with the utmost precision," but Prof. Cotterill also 
adopts several of Prof. Dixon's tables in concise form and the formulae 
as well ; Regnault observed the temperature of steam and water, meas- 
ured the pressure by the mercury column directly. The author has com- 
puted Regnault's observations at the Paris Observatory by Dixon's 
formulae to the accepted standard of all such data, namely: 45° latitude 
at the sea level, and the mercury at the temperature of 32° F. or 0° C. 
This has been done without any suppositions, interpolations or ideas of 
his own, no corrections or assumptions beyond the fact as Regnault 
observed and Dixon translated it from C to F% and inches of mercury, 
for the precise degree F. The pressure per square inch in this table is 
given in pounds and fractions for each C and the last column on the page 
shows the equivalent in F** so that it is readily referable. A slight differ- 
ence will be found between this table of Regnault's results at the Observa- 
tory and the table of each degree F.; computations in this table were made 
with seven-place logs., in the table for the degrees F. only three-place 
decimals were used in the original. For all practical purposes there is no 
difference between the two, yet the little variation may cause inquiry, for 
that reason alone it is noticed here. 

The table of each F° gives pressure on pounds per square inch for the 
exact degree F., and that table and this one refer to each other in that par- 
ticular. The last table in this book gives temperature of the steam for 
each pound of absolute pressure, and the table of pressure temperature, 
volume and density, on pages 71 to 75, gives the temperature for each 
exact pound absolute from i to 250. By referring from one table to the 
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other, the degrees temperature for pressure, or the exact pressure for any 
degree of temperature can be found either as reference or for computation. 

Regnault's recorded results are seen in pressure of millimeters of 
mercury, and degrees C. The reduction of his results have been in con- 
formity with a recognized standard which involved all the factors properly 
applied. 

Height above the sea, expansion of mercury, change of the cosine of 
A in its relation to g, in order to make the reduction simple and accurate, 
it is believed that an error does not exist which is appreciable. In the 
original record Regnault experimented and observed all the facts to 
— 32" C; that portion of his work is of no value whatever here, and has 
therefore been omitted from the tables. 



MEAN PRESSURE MULTIPLIERS FOR EACH 
ONE-THOUSANDTH OF THE STROKE. 

iSee Pagts 80 to 81.^ 

The numbers in second column of this table are precisely those in 
column 5, heading '*K" in cut-off, ratio of expansion, etc., on page 21, 
it is frequently required in computations of compound engines to get at 
a certain mean pressure with a given back pressure, with this table it can 
be done with a vast saving of time, in desiring to know at what point on an 
engine it is necessary to cut off a certain pressure to get a specified mean 
pressure, one or two operations secures the exact result, or, if we know our 
initial pressure and what mean pressure is needed, the table gives it almost 
at a glance, in proportion of cylinders to each other, the table of tempera- 
ture of steam, and this one will settle the ratios quickly. 

Suppose we have 100 lbs. of steam as initial, and we wish to get 31.5 
mean exerted, and release near atmospheric line-31. 5+14.7=46.2 lbs. mean 
absolute is required and 46.2-j-ioo=.462oo, and if we look across the page 
at .165 we find .46185, and in next column, or .166, we find .46366, hence 100 
lbs. absolute cut-off at .165 of the stroke gives 46.185 pound mean exerted 
pressure absolute, and 46.185-14.7=31.485 lbs. on non-condensing engine, 
suppose we have 80 lbs. absolute, and wish 50 lbs. mean exerted above the 
atmospheric line, 50-1-14.7=64.7 and 64.7-^-80=. 80880 found at ,449 as 
.80868 and .80868x80=64.704 as the absolute mean exerted pressure of 80 
lbs. cut-off at .449 of the stroke, and 64.7- 14,7=50 lbs. as wanted. 

To obtain a desired mean pressure from any pressure, divide the mean 
pressure you want in lbs. by the initial pressure, the result is always a 
decimal, look up that decimal in the table, find between what two points 
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it lies, take the nearest one and run down the decimal from top and left 
hand of the page, .80868 is in the ninth column of line 44, then it reads .44 
at left hand and means forty-four hundredths, while the 9 over the last 
column is nine one thousandths, and the result is .449 four hundred forty- 
nine one thousandths of the stroke. 

To obtain the point at which the engine did or should have cut off 
when diagram was taken, absolute pressure was 121. 13 lbs., mean pressure 
was 73.24 lbs. above the line of instrument or atmospheric line, and two 
pounds of back pressure shown, then if the spring of indicator was correct 
(and none of them are) and if the back pressure had not been there, the 
exhaust would have followed the line, and we should have had two pounds 
more of the M. E, P., then 73.24+2=75.24+14.7=89.94, and 89.94^121.13 
="■.74251, which is found between columns 4 and 5 of line .37 and .375, is 
nearest. 

For condensing engines the 14.7 is not added or used. If the size and 
piston speed of an engine is known from the table of constants, p. 67 
calculate the *' K" for one pound of pressure in I. H. P. and divide the I. 
H. P. by the **K" and the result is M. E. P. and by a very few figures from 
thisi table the point of cut-off that is the least possible to do the work, is 
quickly computed. 

Suppose in a compound engine with 180 lbs. absolute cutting off at .46 
we have a mean pressure. of 126 lbs. only, including the receiver pressure, 
and we desire to know how much is lost in mean pressure, by the action of 
the valve in closing compression and all other causes in that cylinder. 

Reference to either table shows us the **K" for .46 is .81742 and i8ox 
.81742=147.136 lbs. as the amount we should obtain in an automatic 
engine, as we have only 126. lbs. then 147.136-126=21.138 lbs. as the M. E. 
P. lost by all causes. 

The percentage of loss is 2 1. 1 36 -4- 147. 136=1 4.365 jr: of the theoretical 
mean exerted pressure lost, or 100-14.365=85.6355^ of the theoretical 
utilized, or 126. -7- 147. 136=85. 635^^ realized. 

Many other uses of these numbers can be found in all the compu- 
tations on Condensing, Non-condensing, Simple, Triple, or other makes, and 
that results are very closely approximate to absolutely correct, by one, or at 
most two, simple computations. 



STEAM USED EXPANSIVELY. 

Data from Rankine. Entirely computed by the author for each one- 
hundrethof the stroke; r = ratio of expansion; i-~r = effective cut-off ; pm 
= mean absolute pressure ; pi = initial absolute pressure ; col. 1 = 1 -r-r; col. 
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2 = p, col. 3 = rpm-4-pi ; col. 4 = pi-f-rpm ; col. 5 = pi~pm ; col. 6 = pm-f- 
pi.=K. 

Col. I = point at which steam is cut off in hundredths of the stroke = i 
~r; col. 2 = ratio of expansion with cut-off of col. i=r; col. 3 = 
hyperbolic log. of ratio of expansion+ i = rpm-r-pi; also ratio of mean 
absolute pressure to terminal pressure ; also ratio of whole gross work on 
piston to gross work during admission ; col. 4 = ratio of gross work during 
admission to whole gross work = also ratio ol terminal absolute pressure 
to mean absolute pressure and = pi -~rpm ; col. 5 = ratio of initial absolute 
pressure to mean absolute pressure = pi -r-pm ; col. 6 = ratio mean absolute 
pressure to the initial absolute pressure, or the decimal in col. 6 x by any 
initial absolute pressure gives the mean absolute pressure for the point of 
cut-off in first column on same line, and is = pm-^-pi, see table pp. 21 and 
22, line K. The absolute pressure of release equals the initial absolute 
pressure -=- by the ratio of expansion and = piH-r, or any initial pressure 
divided by the number in col. 2 for that point of cut-off, or for any other 
point, see clearance computations, pp. 21-22. 

The ratio of the mean absolute pressure to the initial absolute pressure 
for any possible point of cut-off, not in the tables, is found by multiplying 
the initial absolute pressure by the hyperbolic log. plus i, and dividing that 
result by the ratio of expansion (corrected for clearance when possible, 
see next paragraph above) and col. 6 of " Steam Used Expansively " is 
the multiplier, and is equivalent to Rankine's 1+ € rxpi-4-r, or pm-f-pi 
mean absolute pressure ; the i+ei is col. 3 of both tables referred to pp. 
21, 22 and pp. 82 and 83. 

The relative efficiency of steam cut-off at any point is found by multi- 
plying the ratio of expansion (col. 2) by the number under K, pp. 21, 22, 
or in the table ** Steam Used Expansively," pp. 82, 83, thus, ,3 (r=3.34) 
K=. 66120 and 3. 34X. 66120=2. 4808, or that the steam cut off at .3 of the 
stroke did nearly two and one-half times as much work during initial and 
expansion as it did up to the point of cut-off, or a gain of 2,4808 — 1= 
1.4808. 

The computations in table of '* Steam Used Expansively *' are based on 
moderately moist steam and the Boyle-Mariotte law of expansion of pv= 
constant, or hyperbolic, expansion. 

It is difficult, to some extent, to cite examples from the table of ** Steam 
Used Expansively.** It is one of the most important tables in Rankine's 
whole work, and one of the very least understood. 

The table as computed here is five times as long as that in Rankine ; 
Rankine's explanation of this, in the book where it was first given, consists 
of precisely 12 words, in oi^e of the other books 37 words are used, while 
the author, in making the most concise explanation possible, has used be- 
tween ten and twelve hundred words ; while five pages carefully written 
would not more than convey an adequate idea of its applications and value; 
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it is the key to the construction and proportioning of compound cylinders 
beyond any other work, and for the ordinary engineer who desires to get 
at the facts closely and with the least waste of time the following will ex- 
plain some of the most used points: Taking .2 for the same cut-off at 
that point we have r=5, and the e+i, as shown in col. 3, has 2.61. Here 
are all the elements for computing the mean pressure, taking the initial 
pressure at 80, it becomes 80X2.61-^5=41.76, which is the mean absolute 
pressure, another way referred to in the description of the " Table of Ratio 
of Expansion," pages 21, 22, equally applicable to this table of "Steam 
Used Expansively." In col. 6 we have the decimal .52180x80=41.76, pre- 
cisely the same as before, notice the two ways of arriving at the result. 
Now we would like to know what the terminal pressure is with 80 pounds 
cut-off at .2 of the stroke, the rule is repeated ; divide the initial absolute 
by the ratio of expansion, so that 80.-7-5=16., for 16. pounds is the terminal 
pressure absolute for 80. pounds cut-ofif at .2 of the stroke. Col. 4 of 
"Steam Used Expansively" is the ratio of terminal absolute pressure to 
the mean absolute pressure. We have already found mean absolute press- 
ure to be 41.76 ; if we multiply the mean absolute pressure by the decimal 
in col. 4, we shall at once have the terminal absolute pressure, but by a 
different method or formula ; then 41. 76X. 383=15. 994. It will be seen 
there is a very slight discrepancy in the two results, it being impossible to 
produce precise results with three figures. Col. 5 gives the ratio of fhe 
initial to the mean pressure, and if we find 41.76X1.9164=80., or if we have 
80. pounds initial pressure cut-off at .2, we can ascertain what the mean 
pressure will be by dividing 80. by the number in col. 5, so that 80. -r- 
1.9164=41.76. Col. 3, if multiplied by the terminal pressure, will give mean 
pressure ; so that in this case 16.x 2.61 =41.746, and in this way almost any- 
thing about an indicator diagram can be found out by the table " Steam 
Used Expansively," pp. 82 and 83. 

The first three columns of " Steam Used Expansively " are the same 
as the first three columns in the table of " Ratio of Expansion Cut-Off," 
etc., on pp. 21, 22 ; the third column of the two tables will be found to 
very slightly disagree with each other ; the two tables are calculated by 
entirely different formulae, positively Rankine's, but one is for moderately 
moist steam and the other is for nearly dry steam, but there is no difference 
of any moment in practical matters, and he himself remarks that such is 
the case. The author has left his own notations over the columns, and 
they are as follows : The first left-hand column is one divided by the ratio 
of expansion, and gives the cut-off in hundredths of the stroke ; col. 2 is 
the ratio of expansion of the cut off col. i on the same line ; col. 3=mean 
pressure X the ratio of expansion -^initial pressure ; this col. also equals 
the hyperbolic log. of the ratio of expansion +1 ; col. 4=the initial pressure 
-7-the ratio of expansion X the mean pressure ; col. 5 = the initial pressure 
-i-the mean pressure; col. 6 = the mean pressure-^the initial pressure; 
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also = K, same as in table in pp. 21 and 22. In using this table, wherever 
the word pressure is used the absolute pressure is intended, and this must 
be carefully adhered to in order to obtain correct results ; the relations of 
the columns to each other is explained in the' earlier part of this article, 
the earlier part being intended for those who use formula, the latter part 
for those desiring fuller explanation ; there will be no difference in the 
results in either case. 



TEMPERATURE AT EACH POUND ABSOLUTE 
PRESSURE, 1 TO 350 LBS. 

iSee pages 8k and 85.) 

The tables on pages 84 and 85 give the pressure in absolute pounds per 
squire inch, and the corresponding temperature for the exact pounds in 
F. degrees. The table on pages 71 to 75 gives the same temperature for 
both the absolute pressure and corresponding steam-gauge pressure in F. 
degrees. 

The other tables in this volume give the exact pressure for each F. 
degree and, by changing reference, all the data can be had in either way 
required. 

Such a table of temperature of exact pounds is of little actual use, for 
precision of pressure is rarely found ; the various tables cover the whole 
ground, pressure for each degree and the temperature of each pound. 

Tables on pages 71 to 75 give temperature, volume and density for 
each pound absolute and steam gauge in parallel columns. 



THE BULK OF WATER. 



In computations upon water it is frequently necessary to know how 
much room the water will take up as well as what its weight is. By the 
use of the table " Heat Units in Water " (pages 23 to 26) this can very 
easily be ascertained by referring to that fraction of a cubic foot which 
one pound of water at any temperature occupies. In the preceding 
article Prof. Rankine's formula is given as follows : The absolute tempera- 
ture in F. degrees -=-5 00) + (500 -r- the absolute temperature X.0080095 (log. 
7.9036054 — 10) at 212"* this would read as follows : 212+461. 2=the absolute 
temperature of the water, and the formula would stand 673.2-7-500) + 
(5oo-T-673.2X.oo8oo95=.oi673i this result is the fraction of a cubic foot 
which will be occupied by one pound in weight of water at the apparent 
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temperature of 212** F., or the absolute temperature of 673.2°F.; this formula 
is given in full that any one wishing to familiarize themselves with the 
rules, in order to become independent of the tables, or to check their re- 
sults may do so, but there is a vastly easier way to do this, and by the use 
of this particular table the result is as correct. To obtain the bulk of a 
pound of water at any temperature from 32°F. to 212*' F. Rule — take the 
quantity the third column of " Heat Units in Water" and divide the unity 
by it, for 32** F. this will stand as follows : i-r-62.420— .0160206, which is the 
fraction of a cubic foot occupied by one pound of water at 32*'F.; in the 
use of logs, this can be done far quicker; for instance, the log. of i — the log. 
1.79532=8.20468 — io=.oi6o2o6 if we wish to ascertain the fraction of a 
cubic foot taken up by water at 70** F. i -7-62.3 i2=.o 16048. Then for com- 
parison we find that at 32° F. a pound of water occupies .0160206 of a 
cubic foot ; at 70** F. .016048 ; and at 212 F. .016731. If it is wished to 
ascertain what the ratio between the bulk of water between any two tem- 
peratures is, divide one quantity by the other and the result is the ratio 
The bulk at 212' F.-r- the bulk at 32° F. shows that the same number of 
pounds at 212° F occupies 1.0443 times as much space as it does at 32** F., 
and to prove this divide the weight of water at 32** F. by the weight of 
water at 212** F., and the density or weight of the same number of pounds 
of water at 32** F. is 1.0443 times as much as at 212** F., so that to ascertain 
how much more room water at one temperature will occupy than at another, 
divide the weight at one temperature by that at the other. 



THE EFFICIENCY OF BURNING COAL. 

Factors of evaporation connected with heat units in coal. If the 
factor of evaporation is known it is comparatively easy to ascertain with 
what economy the coal was burned, it is necessary also to know how much 
water was evaporated with a pound of coal. In reading a report it was 
noticed that the factor of evaporation was 1.06, the feed-water was at 
189° F.-fon reference to the table, page 34, the absolute pressure was 100 
pounds, or 85 pounds steam gauge, to ascertain the number of heat units 
for each pound of water raised from the temperature of feed water or 
steam at 100 pounds, multiply the factor of evaporation by 965.7 or reverse 
the process and find the factor of evaporation ; — 1.06 multiplied by 965.7 
= 1023.62 as the number of heat units required to raise the feed- water 
from 189.7" F. to 100 pounds steam pressure we find that 8.35 pounds of 
water was evaporated by one pound of dry coal, or the correction for the 
water contained in the coal, multiplying the number of heat units necessary 
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to raise one pound of feed-water to the pressure of steam 1023.62 by 8.35 
gives 8547.3 as the total number of heat units given out by one pound of 
that coal, at that time, and under those conditions, the natural inference 
would be that the coal was very poor, or that the combustion was very bad. 
HuU : The factor of evaporation multiplied by 965.7 = 3. T. U. used in 
the evaporation of the feed water from the temperature given to the 
absolute steam pressure given. Having ascertained this and knowing the 
temperature of the feed-water add to the number of heat units required to 
raise the feed-water to pressure, the number of heat units in feed-water of 
the temperature given and you will have " H " or the total heat in the 
steam under the stated conditions. Caution. — Do not confound the ex- 
pression ** Total Heat," as used here, with the " Total Heat " in the table, 
page 39. As used here, it means the total heat of the water from the 
degrees F. of feed-water, to the degrees F. of the steam at pressure it was 
used, or the total heat required to raise the water from feed (and that varies 
with different plants) to whatever the pressure it was used in engine. 



THE WORK OF ONE POUND OF STEAM IN 
FOOT POUNDS. 

The ordinary computation of the duty of steam is a complex problem, 
and in this instance the author introduces an empirical formula of Mr. 
Brownlee ; this rule based upon a combination of Rankine's, and for 
general purposes is closely correct. The maximum amount of work which 
a pound of steam admitted into a cylinder or cylinders and expanded is 
given in foot pounds of work by the following expression ; 

W= 16.95 (pivi— P2V2) -f V2 (p2— p3). This long formula trans- 
lated means W = the work in foot pounds, 16.95 ^s a constant, which 
is used on both condensing and non-condensing engines pi = the initial 
pressure absolute of steam per square inch, which is to be multiplied by 
the number of square inches in a foot, or 144, id^every instance when used in 
this connection, vi = the specific volume of the steam, or the number of 
cubic feet in one pound, and is to be taken from col. 4 in the table on page 
71, p2 is the pressure of release, or at the end of expansion, whatever that 
pressure may be, this is always absolute and in this case the figures are 
made upon a condensing engine, whether single, double or triple does not 
matter, V2 — the volume of steam at p2 or the volume at the pressure 
released. The specific volume must be taken from col. 4 on page 71, if the 
formula is applied to a condensing engine which expands to a pressure of 
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5 pounds absolute and has a return back pressure not exceeding 2 pounds, 
then the rest of the formula outside of the second bracket may be omitted, 
and substitute for it, starting at the second bracket (+ 31445). but as con- 
densing engines do not always expand to precisely 5 pounds, and frequently 
have more back pressure, the rest of the formula reads+v2p2 — p3, p2 is the 
pressure at release, and p3 is the back pressure above the absolute vacuum 
line whatever these figures may be in the example that the reader will 
work, will be governed by the indicator diagram on which they are work- 
ing ; to work the example the initial pressure of steam X the volume at 
that pressure is the first amount, the pressure of steam at release X the 
volume of steam at the pressure released is the second amount, the 
second amount is to be taken from the first amount, and the remainder 
X 16.95 we now have a different amount which is very much larger; starting 
at the plus sign (+) after the second bracket the pressure of release X 144 
= p2 — p3 whatever it may be X 144 and the difference between these two 
last amounts x V2 and that is to be added to the previous amount, the 
result being the greatest amount of work in foot pounds that one pound of 
steam can do under those conditions. 

Example. — An engine carrying steam at 125 absolute, expands down 
to 5 pounds and has two pounds of back pressure in the cylinder, or lacks 
two pounds of coming down to the absolute vacuum line, what is the great- 
est amount of work in foot pounds done by one pound of steam ? 
Worked out, pi = 125 X 144=18000, vi, col. 4, page 73 = 35151, pi X vi 
= 63.272, p2 = 5 pounds X 144= 720, V2, col. 4, page 71 = 72.792, and 720 
X 72.792 = 52409, then 63272 — 52409= 10863 X 16.95 = 184 130. Taking 
the last leg of the formula p2 =5 x 144 = 720, p3 = 2 x i44 or 288, 720 — 
288 = 432 and V2 = 72.792 X 432 = 31 445, the first amount 184 130 + 
31.445 = 215 575 foot pounds as the maximum amount of work which can 
be done by 125 pounds absolute pressure of steam, expanding down to 5 
pounds absolute, and having 2 pounds back pressure, to get at the ratio of 
expansion which is actual in this case V2-7-V1 = 72.792^3.5151 = 20.708 
which is the actual ratio of expansion. VI-^V2 the fraction of the stroke 
at which steam was cut off, in this case 3. 5151-^72. 792 = .04829 as the 
fraction of the stroke at which steam was cut off ; it must be remembered 
the above formula does not s^ly to a non-condensing engine in the form 
already given. 

H the total heat at pi, feed-water at 100* F., 125 pounds, page 43, H = 
1x86.8 — 68.080 the heat units in feed-water at 100° F., page 24, H in this 
particular example = 1118.72 is the total number of heat units required, 
taking the feed- water at 100° F. and evaporate it into steam at 125 pounds 
absolute, the feed-water may be taken at any temperature, simply subtract- 
ing from the total heat H in the table, page 39, at any pressure, the heat 
units in feed-water at any temperature, see table on page 23, or H as used 
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in this formula is the total heat under certain conditions, and is not "R in 
the table, page 39, from which, as before stated, that the real H of the 
formula is to be computed, h = the quantity of heat necessary to prevent 
condensation during the expansion, this quantity must be computed and 
the amount of heat charged against the final result. To obtain h 16.95 X 
pi VI — p2V2, which can be taken without computation from the formula 
above, in W drop off the last leg beyond the second bracket -^-772 — .305 X 
ti-t2 in this formula, this is 184130—772 = 238.5 r — the temperature of 
125 pounds, page 73, 344** F. — the temperature of 5 pounds absolute, page 71, 
which is 162.3 = 181. 7 X .305 s=: 55.42 and 238.51—55.42 = 183.09 = h. 

ti in this formula = the temperature of the steam at the absolute 
pressure, col. 3, page 71, or see table, page 84; t2 = the temperature at 
the pressure at the end of expansion, whatever that may be ; all this com- 
putation is necessary to arrive .at the two following results, which are the 
real meat of the matter: 

w = the work in foot pounds per unit of heat expended and is found 
by dividing the total work of one pound of steam by H + h + 21. H = 
1 1 18.72, h = 183 09 these two quantities + 21.= 1322.81 and 215575. or W 
-4-1322.81 = 162.97 as the foot pounds of work per unit of heat expended ; 
if it is wished to obtain the efficiency in percentage of the whole heat 
units expended, divide w by 772, which in this case = 21. 11 jg of the total 
heat expended, this is without counting clearance space, for no such 
result as 21% has been realized in any engine the author has ever had 
under examination, but the formula given, as compared one engine with 
another, is practically correct in a comparative sense only. C = coal in 
pounds per horse-power per hour under the above train of conditions = 
33 000 X 60 -s- w X any factor of units per pound of coal that it may 
please the computer, if we realized 10,000 units per pound of coal it will 
be 198-7-162.97= 1.2149 pounds of coal per horse-power per hour, under the 
conditions stated ; this formula may be applied to any expansion engine, 
single, double, triple or quadruple, and such modification in percentage o\ 
loss by clearance, as are expended under the head of clearance, where the 
formula for correction of efficiency of expansion is given. To apply the 
same formula to non-condensing engines the following is necessary: 
W= 16.95 X pi VI — p2 V2 in which pi means absolute pressure X 144, 
VI V2 are the volumes as in the condensing formula. 11 = 965.7-!- (305 
ti — 12) in which ti is the temperature of the steam at absolute pressure, 
t2 the temperature of the feed-water which in the non-condensing engine is 
usually supposed to be nearly or quite 200" F., H = W-a-772 — (.305 x 
ti — 12), w = W -?- (H+h), C= I 980 000-f-w X the number of units from a 
pound of coal. The working out of the formula in each case is precisely 
similar, paying attention to the change of factors ; the condensing engine 
taking account of what is below the atmospheric line, the non-condensing 
not including below the atmospheric line. 
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THE AMOUNT OF WATER OR STEAM 

ACCOUNTED FOR BY THE 

INDICATOR DIAGRAM. 

The amount of steam or water, for one is the equivalent of the other 
so nearly as we are able to compute, is usually computed from the termi- 
nation of the expansion line, and in the case of an early release it is well to 
carry the theoretical curve by demonstration to the very end of the dia- 
gram in order to ascertain what would have been the terminal pressure. 

The mean pressure is the usual work done by the engine as accounted 
for by the indicator. The terminal pressure is, to all intents and purposes, 
the measurement of the amount of steam used in doing the work, under 
those conditions, in that engine, and at that time. Neither one of these 
amounts are absolute from the indicator diagram, indicator springs vary, 
the clearance is not expressed by the indicator diagram, the amount of 
the loss of pressure by wire-drawing, can only be partially recorded by the 
instrument, hence we have to assume somewhat or go to much trouble and 
expense to ascertain all these factors. 

The same applies to the measuring of steam or the water per horse- 
power, per stroke or per hour, as the case may be. Attempts have been 
made, very unsuccessfully in result, to arrive at some conclusion as between 
the steam when cut oflF, and when released, to arrive at the quantity of 
water accounted for, to be added to the apparent result of the indicator dia- 
gram, it will be seen therefore that the quantity of steam actually expended 
to produce the work on the indicator diagram, would not be accounted for 
by the indicator, strictly speaking, in a correct or absolute amount. 

There are losses between the boiler and the engine which the indicator 
cannot consider, and there are things which we don't positively know. 
The formula will be given which applies to any diagram or engine, it may 
include a series of cylinders, or the problem in its entirety embraces the 
highest mathematics, and very extended formulae which cannot be given 
here, if we take th4 absolute pressure of the indicator diagram at the point 
of release, or before the valve actually opens ; by referring to the tables, 
page 71, we shall find the specific volume of steam at that pressure, or the 
number of cubic feet which are in one pound, as well as the density, col. 6, 
steam table, which gives the weight of one cubic foot, in fractions of a 
pound. The area of the cylinder in square inches X the length which the 
piston travels to the point of computation, at which the pressure is taken, 
gives the volume of the cylinder to that point in cubic inches, and the 
volume of one stroke X the number of strokes per minute x 2 for (two) 
strokes to the revolution X 60., the minutes in an hour, -4- 1728, the inches 
in a cubic foot, will give the cubic feet of steam at that pressure, whatever 
that pressure may be. Multiplying the cubic feet of steam used in that 
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cylinder per hour, by the density or weight of one cubic foot, col. 6, page 71, 
will give the number of pounds either of steam or water accounted for by the 
indicator for all the work done by that indicator diagram in one hour, the 
result being in pounds. Divide the number of pounds by the number of 
horse-powers which the diagram reads and the result is then pounds per 
horse-power per hour. In figuring the compression measure the pressure 
from the point where the compression of exhaust line leaves the atmospheric 
line, if high pressure, measuring the distance to the starting point, or admis- 
sion line of the diagram, taking the pressure always from the absolute line, 
multiplying the volume of the cylinder from that point by the inches of area, 
reducing to cubic feet exactly the same as at the point of release ; deduct 
this amount from the total of release, all pressure must be measured from the 
absolute line, or 14.7 lbs. below the atmospheric line of the instrument, 
whether high pressure or condensing. 

In compound cylinders each cylinder may be figured by itself, or a 
combination diagram may be made in which the high pressure and inter- 
mediates must be reduced to low, and in all cases where the correct result 
is supposed to be arrived at; clearance becomes an important factor of the 
case, always include the clearance if you wish to get a correct result, and in 
using compound diagrams the clearance on the low and intermediate cyl- 
inders must always be figured with reference to ratio between these cylin- 
ders and the high, for the diagram must start at precisely the same point, 
and in making the clearance correspond to the high-pressure cylinder the 
correct result will be had. 

The difference in result as between diagrams showing the water ac- 
counted for, and the actual water weighed to the boiler, has varied in actual 
tests from 2\ to 45 per cent. By taking two or three measurements, as 
immediately after the cut off, and half stroke, and at the point of release, 
these three results will be found not to agree with e^ch other ; these ques- 
tions are still unsettled by scientific men. Prof. Cotterill treats them as 
clearly as any one, but it requires a knowledge of mathematics to under- 
stand it. It will repay any one to spend the time to study the subject 
thoroughly. Rankine exhausts it, but uses the calculus — requiring the 
highest talent. 

The following computation is purely theoretical, taking an engine 
having a cylinder 20" in diameter, 42" stroke, running at 100 revolutions, 
cut off at .25, clearance .5"; steam at 100 pounds absolute, the area of 
20" is (see page 68) = 314.16'', and on the same page ihe constant for 
each foot = .00952007 horse-power for each pound of mean pressure ; the 
clearance is included in the computation; the length of stroke -f the clear- 
ance =42.5"; the cut-off + the .5'' clearance = ii ; 42.5 -?- 11. = 3.8637 as 
r' or the accurate ratio of expansion. Now, to obtain the mean pressure, 
we must have the a of r'+i (refer to page 54), and add to the a of 3.86 .3 
of the difference between the 3.86 and 3.87; the result is 1.35145+1., and 
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we have € of r'+i==2.35 145x100-5-3.8637=60.861; this is the absolute M. 
E. P. of the diagram; i-5-r'= the point of cut-off=.25883; having the point 
of cut-off given turn to table on page 80, look under .259, find .60883X100 
=60.883 21s the mean pressure, without any other computation, and it is so 
near to the actual amount by computation, that it would not be worth while 
using the old formula, except that we must have the point of cut-off to 
obtain the factor. Having the mean pressure, we find the terminal press- 
ure as follows: The initial = 100, r'=3.38637, and ioo-^3.8637-«:2S.88 
pounds as the terminal pressure from which to figure the amount of steam 
used, the formula will be 3i4.i6X42.5X2oox6o-s-i728=9272i. cubic feet 
of steam for the 200 strokes, 60 minutes or one hour; steam at the pressure 
25.88, see page 71, column six, where 25 lbs.=,o62546, the difference 
between 25 and 26 pounds =:.oo235oX88=.ooi958, added to the weight of 
25 lbs., .o62546,=.o64504 as the weight of a cubic foot of steam at 25.88 
absolute pressure, and 927.21 cubic feetx.o64504=598i. pounds of steam or 
water per hour under the conditions named; this includes clearance.. The 
horse-power of the engine is, taking the absolute line pressure as above, 
60.883 — 14-7=46.183 pounds above atmospheric line. K. for each pound 
as above for i foot=.oo952oo7x7oo feet of piston speed =6.664049 horse- 
power for each pound of mean pressure exerted on the piston 20" in diam- 
eter and at the speed of 700 feet per minute; then, 46.183 poundsx6.664 
horse-power for each pound = 307.765 horse-power developed, and as the 
total amount of water or steam used in one hour is 5981. pounds, we divide 
that amount by the horse-power 307.765, and the result is 19.443 pounds of 
water per hour for each horse-power. This does not take into considera- 
tion the loss by wire-drawing, or the compression, or back pressure, at all. 
The result is worthless as a matter of reference, except as a comparison 
with another engine in the same way. This shows the proper method of 
computation from the ideal or any real diagram, having no loss, and being 
considered as non-condensing. And in a condensing engine whatever 
vacuum is obtained by the condenser will increase the amount of mean 
pressure, consequently the horse-power, and the amount of steam accounted 
for with the same terminal pressure, divided by a larger amount of horse- 
power, will show less water per horse-power. In figuring steam saved by 
compression, instructions for which are given above, will sometimes be 
found to be very insignificant, and at other times it will be a large amount. 
A large amount of compression is not an economical use of steam, although 
so considered by some of the high-speed engine builders. The student 
should include as many different diagrams as possible in comparison, in 
order to obtain comparative results of economy, always including the clear- 
ance. Some of these results will be found to be astonishing. 

It is not intended to make this volume a text-book, nor a hand-book 
of calculations, but some of the most frequently wanted computations 
are worked out for information of those who are not familiar with the 
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use of the accurate formulae. The writer has in course of preparation a 
hand-book of computations on the indicator diagram and its connections, 
and will be pleased to have, at any time, suggestions as to what is wanted 
for such computations. No time can be named for its appearance — it 
may be years — as it is possible to give time to it. 

CONDENSING WATER FOR A GIVEN DIAGRAM. 

Taking the above engine 20" by 42'', by 100 revs. 100 pounds of steam 
cut off at .25 of the stroke clearance = .5 inches, taking the area of the cyl- 
inder X , the point of cut-off, or the length steam is carried X number of 
strokes per minute -r- relative volume of the steam, col. 8, pp. 71 to 75, -r- 
number ofxubic inches in one gallon or 231. x 80. gives the capacity in 
gallons per minute, with an excess of 10^ to 15^, this excess should always 
be included for the difference in temperature of the water at different sea- 
sons of the year, and in the case of a ship going through the torrid zone 
the excess of capacity should be double this, or 20^ to 30^, worked out this 
is as follows : 314.16 square inches in area X n, gives the cubic inches of 
steam required for each stroke, clearance included, x 200 — 691,152. which 
is the cubic inches of steam required each minute, -f- the relative volume 
of steam at 100. pounds absolute pressure >= 270.72 »» 2553. as the cubic 
inches of water per minute required to make the steam, and this -i- 231 =» 
11.052 gallons per minute as the quantity of steam at the point of cut-off^ 
and this X 80 gives the pump capacity as 884.16 gallons per minute, re- 
quired to condense steam from the engine under the conditions stated ; 
this rule is not far from a practical one, although it is to some extent an 
empirical one, the same thing can be figured out by use of heat units, mean 
pressure, etc., but involves more figures, and does not vary more than 2% or 
^%, while temperature of condensing water in New England and the Middle 
States varies from 25 to ZS% during the twelve months of the year. 



THOMAS PRAY, Jr., Consulting and Constructing 
Engineer, Electrician, 

Boston, Mass., Post Office Box 2728. 



The author of this book has for the last five or six years been em- 
ployed in and out of the United States ; is frequently absent for months 
at a time. Letters addressed to Post Office Box 2728, Boston, Mass., 
will reach him wherever he may be in due time. The box may be con- 
sidered as permanent address. 



TO USERS OF INDICATORS. 

Parties interested in the manufacture of indicators have circulated 
the report with diligence, and for their own purposes, that Mr. Pray was 
interested in the sales of the Thompson Indicator, made by the American 
Steam Gauge Co., of Boston. Any such report is false in any and all 
particulars. Thomas Pray, Jr., has not now, and never has had, any 
connection with the American Steam Gauge Co., nor with the patentee 
of the Thompson Indicator, or any other company or individual making 
indicators (or some of the so-called indicators,) either financial or other- 
wise. Does not and will not advise the use of any particular indicator, 
and is not interested in the sale of any machine, apparatus, patent or 
scheme. 
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TABLE OF RATIO OF EXPANSION, CUT OFF, &c. 
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3.526 


0.54728 


0.28208 


9.45037 


.09 


II. II 


3.408 


0.53250 


0.30672 


9.48674 


.10 


10.00 


3- 303 


O.5189I 


0.33026 


9.51891 


.11 


9.09 


3.207 


0.506x0 


0.35278 


9-54749 


.12 


8.33 


3.120 


0.49415 


0.37433 


9.57333 


.13 


769 


3.040 


0.48287 


0.39519 


9.59681 


.14 


7.14 


2.966 


0.47217 


0.41524 


9.61830 


•15 


6.67 


2.898 


0.46210 


0.43470 


9.63819 


.16 


6.25 


2.830 


0.45179 


O.452B0 


9.65591 


.17 


5.88 


2.770 


0.44248 


0.47090 


9.67293 


.18 


5.56 


2.716 


0.43393 


0.48888 


9.68920 


.19 


5.26 


2.661 


0.42504 


0.50558 


9.70379 


.20 


5.00 


2.609 


0.41647 


0.52180 


9-71750 


.21 


4.76 


2.561 


0.40841 


0.53781 


9.73063 


.22 


4.55 


2.515 


0.40054 


0.55330 


9.74296 


.23 


4^35 


2.470 


0.39270 


O.568H 


9-75443 


.24 


4.17 


2.428 


0.38525 


0.58271 


9.76546 


.?5 


4.00 


2.386 


0.37767 


0.59650 


9.77561 


.26 


3.846 


2.347 


0.37051 


O.61021 


9.78548 


.27 


3.704 


2.310 


0.36361 


0.62369 


9-79497 


.28 


3-571 


2.273 


0.35660 


0.63644 


9-80376 


.29 


3-448 


2.238 


0.34986 


0.64903 


9.81226 


•30 


3-334 


2.204 


0.34321 


0.66120 


9-82033 


•31 


3.226 


2. 171 


0.33666 


0.67301 


9.82802 


•32 


3-125 


2.140 


0.3304X 


0.68480 


9-83556 


.33 


3.0303 


2.109 


0.32408 


0.69598 


9-84259 


.34 


2 9411 


2.079 


0.31785 


0.70685 


9 84933 


•35 


2.8571 


2.050 


o.3"75 


0.71750 


9.85582 


.36 


2.7778 


2.022 


0.30578 


0.72791 


9.86208 


.37 


2.7027 


1.994 


0.29973 


0.73780 


9.86793 


.38 


2.6316 


1.968 


0.29403 


0.74782 


9-87381 


.39 


2.5641 


1.942 


0.28825 


0.75738 


9.87931 


.40 


2.5COO 


1. 917 


0.28262 


0.76680 


9.88468 


•41 


2.4390 


1.892 


0.27692 


0.77570 


9.88970 


•42 


2.3810 


1.868 


0.27x38 


0.78460 


9.89463 


.43 


2.3257 


1.844 


0.26576 


0.79290 


9.89923 


•44 


2.2727 


1. 821 


0.26031 


0.80122 


9.90376 


■;45 


2.2222 


1.799 


0.25503 


0.80951 


9.90824 


.46 


2.1740 


1-777 


0.2496q 


0.81742 


9.91245 


.47 


2.1277 


1-755 


0.24428 


0.82490 


9.91638 


•48 


2.0833 


1-734 


0.23905 


0.83257 


9.92029 


•49 


2.0408 


1. 713 


0.23376 


0.83940 


9.92396 


.50 


2.0000 


1.693 


0.22866 


0.84650 


9.92763 


.51 


1. 961 


1.674 


0.22376 


0.85374 


993133 


•52 


1.923 


1.654 


0.21854 


0.86007 


9-93454 


.53 


1.887 


1-635 


0.2x352 


0.86660 


9.93780 


•54 


1.852 


1. 6x6 


0.20844 


0.87263 


9.94083 
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TABLE OF RATIO OF EXPANSION, CUT OFF, &c. 



Cut-off. 


R. 


€ +1. 


Log. 


K. 


Log.— 10. 


.55 


I.8cS 


1.598 


0.20358 


0.87891 


9.94394 


.56 


1.786 


1.580 


0.19866 


0.88481 


9.94685 


•57 


1.754 


1.562 


0.19368 


0.89033 


9 •94955 


.58 


1.724 


1.545 


0.18893 


0.89610 


995236 


.59 


1.695 


1.528 


O.I84I2 


0.90151 


9-95497 


.60 


1.667 


I. 511 


0.17926 


0.90659 


995741 


.61 


1.639 


1.494 


0.17435 


0.91134 


9.95968 


.62 


1. 613 


1.478 


0.16967 


0.91635 


9.96206 


.63 


i^587 


1.462 


0.16495 


0.92107 


9.96429 


.64 


1.563 


1.446 


0.16017 


0.92545 


9.96635 


.65 


1.538 


1.431 


0.15564 


0.93015 


9.96855 


.66 


1. 515 


1.416 


O.I5IO6 


0.93455 


9.97060 


.67 


1.493 


1.400 


O.I46I3 


0.93826 


9.97232 


.68 


l.47i 


1.386 


0.14176 


0.94248 


9-97427 


.69 


1.449 


1-371 


0.13704 


0.94677 


9.97624 


.70 


1.429 


1.357 


0.13258 


0.94991 


9.97768 


.71 


1.409 


1-342 


0.12775 


0.95282 


9.97901 


.72 


1.389 


1.329 


0.12353 


0.95689 


9.98086 


•73 


1.370 


1. 315 


O.II893 


0.95996 


9.98225 


•74 


1. 351 


1. 301 


O.I 1428 


0.96275 


9.98351 


.75 


- 1.333 


1.287 


0.10958 


0.96^48 


9.98474 


.76 


1. 316 


1.274 


0. I05I7 


0.96823 


9.98598 


•77 


1.299 


1.262 


O.IOI06 


0.97090 


9.98721 


.78 


1.282 


1.248 


0.09621 


0.97342 


9.98830 


•79 


1.266. 


1.236 


0.09202 


0.97645 


9.98965 


.80 


1.250 


1.223 


0.08743 


0.97841 


9-99052 


.8,1 


1.245 


1. 211 


0.08314 


0.98092 


9.99163 


.82 


1.220 


1. 198 


0.07846 


0.98236 


9.99227 


.83 


1.205 


1. 186 


. 07408 


0.98438 


9.99316 


.84 


1. 191 


1. 174 


0.06967 


0.98617 


9-99395 


.85 


1. 177 


1. 163 


0.06558 


0.98813 


9.99481 


.86 


1.163 


1.151 


0.06108 


0.98986 


9-99557 


.87 


1. 149 


1. 139 


0.05662 


0.90093 


9.99604 


.88 


1.136 


I.I28- 


0.05231 


0.99264 


9.99679 


.89 


1. 124 


1. 117 


0.04805 


0.99413 


9-99744 


.90 


I. Ill 


1. 106 


04376 


0.99541 


9.99800 


.91 


1.099 


1.094 


0.03902 


0.99555 


9.99806 


.92 


1.087 


1.084 


0.03503 


0.99729 


9.99882 


•93 


1 .075 


1.073 


0.03060 


0.99789 


9.99908 


.94 


1.064 


1.062 


0.02612 


0.99828 


9.99925 


•95 


1.053 


1. 051 


0.02160 


0.99844 


9.99932 


.96 


1.042 


1.041 


0.01745 


0.99918 


9.99964 


•97 


1.0309 


1.0304 


0.01301 


0.99959 


9.99982 


.98 


1.0204 


1.0202 


0.00869 


0.99980 


9-99991 


.99 


I.OIOI 


I. 01005 


0.00434 


0.99990 


9.99996 
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HEAT UNITS IN WATER, 32**F. to 212^.. 

And weight of water per cubic foot, each degree, F. 32" to 212". Heat (Regnault's), 
weight (Rankine's, computed by author), from 32'' F. 



F« 


Heat Uniu. 


Weight. 
X cubic foot. 


Log. 


Weight of 

U.S. Gallon 

in lbs. 


Log. 


Cubic inches 
in one pound. 


Log. 


32 


0. 


62.420 


1.79532 


8.3443 


0.92139 


27.6840 


1.44222 


3 


I. 


62.421 


533 


8.3445 


140 


27.6830 


221 


4 


2. 


62.423 


534 


8.3447 


141 


27.6820 


220 


5 


3. 


62.424 


535 


8.3449 


142 


27.6817 


219 


6 


4. 


62.425 


536 


8.3451 


143 


27.6812 


218 


7 


5. 


62.425 


536 


8.3451 


143 


27.6812 


218 


8 


6. 


62.425 


536 


8.3451 


143 


27.6812 


218 


9.1 


7.001 


62.425 


536 


8.3451 


143 


27.6812 


I. 44218 


40 


8.001 


62.425 


536 


8.3451 


143 


27.6812 


218 


I 


9.001 


62.425 


536 


8.3451 


143 


27.6812 


218 


2 


10.001 


62.424 


535 


8.3449 


142 


27.6817 


219 


3 


II. 001 


62.473 


534 


8.3447 


141 


27.6820 


220 


4 


12.002 


62.422 


534 


8.3447 


141 


#27.6820 


220 


5 


13.002 


62.421 


533 


8.3445 


140 


27.6830 


221 


6 


14 -002 


62.42c 


532 


8-3443 


139 


27.6840 


222 


7 


15.002 


62.417 


530 


8.3439 


137 


27.6850 


224 


8 


16.003 


62.415 


529 


8.3438 


136 


27.6855 


225 


9 


17.003 


62.414 


528 


8.3436 


135 


27.6860 


226 


50 


18.003 


62.412 


527 


8.3434 


134 


27.6867 


1.44227 


I 


19.004 


62.410 


525 


8.3430 


132 


27.6880 


229 


2 


20.004 


62.407 


523 


8.3426 


130 


27.6892 


231 


3 


21.005 


62.400 


5i8 


8.3416 


125 


27.6924 


236 


4 


22.005 


62.394 
^2.389 


514 


8.3409 


121 


27.6950 


240 


5 


23.006 


5" 


8.3403 


118 


27.6970 


243 


6 


24.006 


62.385 


508 


8.3397 


"5 


27.6980 


246 


7 


25.007 


62.382 


506 


8.3394 


"3 


27.7000 


248 


8 


26.007 


62.379 


504 


8.3390 


III 


27.7015 


250 


9 


27.008 


62.371 


1.79498 


8.3378 


105 


27.7050 


256 


60 


28.009 


62.364 


493 


8.3369 


100 


27.7084 


I. 44261 


I 


29.010 


62.362 


492 


8.3366 


0.92099 


27.7090 


262 


2 


30. OH 


62.361 


491 


8.3365 


098 


27.7097 


263 


3 


31.012 


62.355 


487 


8.3357 


094 


27.7122 


267 


4 


32.013 


62.349 


483 


8.334Q 


090 


27.7150 


271 


5 


. 33 014 


62.344 


479 


8.3342 


086 


27.7173 


275 


6 


34.015 


62.339 


476 


8.3336 


083 


27.7192 


278 


7 


35.016 


62.332 


471 


8.3326 


078 


27.7224 


283 


8 


36.018 


62.326 


467 


8.3318 


074 


27.7250 


287 


9 


37.019 


62.321 


463 


8. 33" 


070 


27.7275 


I. 44291 


70 


38.020 


62.312 


457 


8.3299 


064 


27.7307 


297 


I 


39021 


62.305 


452 


8.3290 


059 


27.7345 


302 


2 


40.023 


62.298 


4*7 


8.3280 


054 


27 -7377 


307 


3 


41.024 


62 . 289 


441 


8.3268 


048 


27.7415 


313 


4 


42.026 


62.282 


436 


8.3259 


043 


27.7450 


318 


5 


43.027 


62.275 


431 


8.3249 


038 


27.7480 


323 


6 


44.029 


62.266 


425 


8.3238 


032 


27.7511 


329 


7 


45.030 


62.259 


420 


8.3228 


027 


27.7550 


334 


8 


46.032 


62.250 


414 


8.3217 


021 


27.7590 


340 


9 


47.034 


62.243 


409 


8.3207 


016 


27.7620 


345 



24 PRAVS $TEAAf TABLES AND ENGINE CONSTANTS. 

HEAT UNITS IN ^ KTZR.'-ConHnwd. 



F« 


Heat Uniu. 


Weight, 
X cubic foot. 


Log. 


Weight of 

U. S. GaUon 

in lbs. 


Log. 


Cubic inches 
in one pound. 


Log. 


80 


48.036 


62 . 236 


1.79404 


8.3198 


0.9201 I 


27.7652 


1.44350 


I 


49-037 


62.226 


1-79397 


8.3184 


004 


27.7697 


357 


2 


50.039 


62.214 


389 


8.3169 


0.91996 


27 7750 


365 


3 


51.041 


62 . 204 


382 


8.3155 


989 


27.7791 


372 


4 


52.043 


62.194 


375 


8.3142 


982 


27.7840 


379 


5 


53-045 


62.186 


369 


8.3131 


976 


27.7876 


385 


6 


54.047 


62.174 


361 


8.3115 


968 


27.7921 


393 


7 


55 049 


62.164 


354 


8.3102 


961 


27.7980 


1.44400 


8 


56.051 


62.153 


346 


8.3087 


953 


27.8030 


408 


9 


57.053 


62.143 


339 


8.3073 


946 


27.8070 


415 


90 


58.055 


62.133 


332 


8.3060 


939 


27.8112 


422 


I 


59.057 


62.121 


324 


8.3044 


931 


27.8166 


430 


2 


60.059 


62.110 


316 


8.3029 


923 


27.8210 


438 


3 


61.061 


62.099 


308 


8.3014 


915 


27.8267 


446 


4 


62.063 


62.087 


300 


8.2999 


907 


27.8320 


454 


5 


63.065 


62.076 


1.79292 


8.2983 


0.91899 


27.8370 


462 


6 


64.068 


62.066 


285 


8.2970 


892 


27.8414 


469 


7 


65.071 


62.051 


275 


8.2951 


882 


27.8471 


479 


8 


66.074 


62.039 


266 


8.2934 


873 


27.8537 


488 


9 


67.077 


62.026 


257 


8.2915 


863 


27.8600 


498 


100 


68.080 


62.013 


248 


8.2809 


855 


27.8650 


1.44506 


I 


69.083 


62.000 


239 


8.2882 


846 


27.8710 


5f5 


2 


70.086 


61.988 


230 


8.2865 


837 


27.8766 


524 


3 


71.089 


61.974 


221 


8.2848 


828 


27.8820 


533 


4 


72.092 


61.963 


213 


8.2832 


820 


27.8876 


541 


5 


73.095 


61.949 


203 


8.2813 


810 


27.8940 


551 


6 


74.098 


61.934 


1.79193 


8.2794 


800 


27.9004 


561 


7 


75.101 


61.921 


184 


8.2777 


0.91791 


27.9062 


570 


8 


76.104 


61.907 


174 


8.2758 


781 


27.9129 


580 


9 


77.108 


61.893 


164 


8.2739 


771 


27.9190 


590 


no 


78.110 


61.880 


155 


8.2722 


762 


27.9250 


599 


I 


79.113 


61.866 


145 


8.2703 


752 


27.9312 


1.44609 


2 


80.117 


61.852 


135 


8.2684 


742 


27.9378 


619 


3 


81. 121 


61.837 


125 


8.2665 


732 


27.9442 


629 


4 


82.125 


61.822 


114 


8.2644 


721 


27-9512 


640 


5 


83.129 


61.808 


104 


8.2625 


711 


27.9576 


650 


6 


84-133 


61.793 


1.79094 


8.2606 


701 


27.9641 


660 


7 


85-137 


61.776 


082 


8.2583 


0.91689 


27.9720 


672 


8 


86.141 


61.761 


071 


8.2562 


678 


27.9790 


683 


9 


87.145 


61.745 


060 


8.2541 


667 


27.9860 


694 


120 


88.149 


61.728 


048 


8.2518 


655 


27.9940 


1.44706 


I 


89-153 


61.712 


037 


8.2497 


644 


28.0010 


717 


2 


90.157 


61.696 


026 


8.2477 


633 


28.0080 


728 


3 


91. 161 


61.681 


015 


8.2456 


622 


28.0150 


739 


4 


92.165 


61.664 


003 


8.2433 


610 


28.0230 


751 


5 


93.169 


61.647 


1.78991 


8.2410 


0.91598 


28.0305 


763 


6 


94.173 


61.631 


980 


8.2389 


587 


28.0376 


774 


7 


95-177 


61.614 


968 


8.2366 


575 


28.0453 


786 


8 


96.182 


61.597 


956 


8.2344 


563 


28. 0531 


798 


9 


97.187 


61.580 


944 


8.2321 


551 


28.0610 


1.44810 


130 


98. 192 


61.563 


932 


8.2298 


539 


28.0685 


822 


131 


99.197 


61.545 


1.78919 


8.2274 


0.91526 


28.0770 


1-44^35 


2 


100.202 


61.528 


907 


8.2251 


514 


28.0850 


847 
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po 


Heat Uniu. 


Weight, 
X cubic foot. 


Log. 


Weight of 

U. S. Gallon 

in lbs. 


Log. 


Cubic inches 
in one pound. 


Log. 


133 


lOl . 207 


61.509 


1.78894 


8 . 2226 


0.91 501 


28.0931 


860 


4 


102.212 


61.492 


882 


8.2204 


0.91489 


28.1010 


872 


5 


103.217 


61.475 


870 


8.2181 


477 


28.1086 


884 


6 


104.222 


61.457 


857 


8.2156 


464 


28.1170 


897 


7 


105 . 227 


61.439 


844 


8.2132 


451 


28.1255 


1.44910 


8 


106.233 


61.422 


832 


8.2109 


439 


28.1334 


922 


9 


107.239 


61.399 


816 


8.2079 


423 


28.1437 


938 


140 


108.245 


61.378 


801 


8.2050 


408 


28.1535 


953 


I 


109.251 


61.357 


1.78786 


8.2022 


0.91393 


28.1632 


968 


2 


110.257 


61.341 


775 


8.2001 


382 


28.1702 


979 


3 


III. 263 


61.324 


763 


8.1979 


370 


28.1780 


991 


4 


112.269 


61.309 


752 


8.1958 


359 


28.1851 


1.45002 


5 


113-275 


61.289 


738 


8.1931 


345 


28.1943 


016 


6 


114.281 


61.269 


724 


8.1905 


331 


28.2034 


030 


7 


115.287 


61.251 


7" 


8.1881 


318 


28.2120 


043 


8 


116.293 


61.231 


1.78697 


8.1854 


304 


28.2210 


057 


9 


117.299 


61.212 


683 


8.182S 


0.91290 


28.2300 


071 


150 


118.305 


61.192 


669 


8.1801 


276 


28 . 2390 


085 


I 


119. 3" 


61.172 


655 


8.1775 


262 


28.2482 


099 


2 


120.318 


61.152 


641 


8.1749 


248 


28.2640 


I. 45123 


3 


121.325 


61.133 


627 


8.1722 


234 


28.2664 


127 


4 


122.332 


61.113 


613 


8.1696 


220 


28.2755 


141 


5 


123.339 


61.093 


1.78599 


8.1670 


206 


28.2846 


155 


6 


124.347 


61.075 


586 


8.1645 


0.91193 


28.2930 


168 


7 


125.354 


61.052 


570 


8.1615 


177 


28.3035 


184 


8 


126.361 


61.031 


555 


8.1587 


162 


28.3133 


199 


9 


127.366 


61.009 


539 


8.1557 


146 


28.3244 


1.45215 


160 


128.373 


60.988 


524 


8.1529 


131 


28.3335 


230 


I 


129.380 


60.967 


509 


8.1501 


116 


28.3433 


245 


2 


130.389 


60.945 


1.78494 


8.1472 


101 


28.3530 


260 


3 


131.396 


60.923 


478 


8.1442 


0.91085 


28.3635 


276 


4 


132.404 


60.902 


463 


8.1414 


070 


28.3733 


291 


5 


133.413 


60.881 


448 


8.1386 


055 


28.3831 


1.45306 


6 


134.421 


60.859 


432 


8.1356 


039 


28.3936 


322 


7 


135.430 


60.837 


417 


8.1328 


024 


28.4034 


337 


3 


136.436 


60.817 


402 


8.1300 


009 


28.4132 


352 


9 


137.444 


60.794 


1.78386 


8.1270 


0.90993 


28.4236 


368 


170 


138.451 


60.772 


370 


8.1240 


977 


28.4340 


384 


I 


139-460 


60.751 


355 


8.1212 


962 


28.4/^40 


399 


2 


140.470 


60.723 


339 


8.JI82 


946 


28.4545 


1.45415 


3 


141.480 


60.706 


323 


8.1152 


930 


28.4650 


431 


4 


142.489 


60.684 


307 


8.1122 


914 


28.4755 


447 


5 


143.496 


60.661 


1.78291 


8.1093 


0.90898 


28.4860 


463 


6 


144.505 


60.639 


275 


8.1063 


882 


28.4965 


479 


7 


145.516 


60.617 


259 


8.1033 


•866 


28.5070 


495 


8 


146.524 


60.593 


242 


8.1001 


849 


28.5180 


1.4551a 


9 


147.533 


60.571 


226 


8.0971 


833 


28.5286 


528 


i8o 


148.542 


60.548 


1.78210 


8.0941 


817 


28.5390 


544 


I 


149.550 


60.525 


1.78193 


8.0910 


0.90800 


28.5502 


1.45561 


2 


150.562 


60.501 


176 


8.0878 


0.90783 


28.5615 


578 


3 


151.570 


60.479 


160 


8.0849 


767 


28.5720 


594 


4 


152.580 


60.455 


143 


8.0817 


750 


28.5832 


1.45611 


5 


153.590 


60.431 


126 


8.0785 


733 


28.5944 


628 



26 PRA VS STEAM TABLES AND ENGINE CONSTANTS. 

HEAT UNITS IN WATER.— (^«<:/«^^. 



F« 


Heat Units. 


Weight, 
I cubic foot. 


Log. 


Weight of 

U. S. Gallon 

in lbs. 


Log. 


Cubic inches 
in one pound. 


Log. 


1 86 


154-600 


60.408 


109 


8.0754 


716 


28.6055 


645 


7 


15s. 610 


60.384 


1.78092 


8.0722 


0.90699 


28.6170 


662 


8 


156.621 


60.360 


075 


8.0690 


682 


28.6280 


679 


9 


157.633 


60.338 


059 


8.0661 


666 


28.6385 


695 


190 


158.643 


60.313 


041 


8.0627 


648 


28.6505 


1. 45713 


I 


159.654 


60.288 


023 


8.0594 


630 


28.6622 


731 


2 


160.666 


60.265 


006 


8.0562 


613 


28.6735 


748 


3 


161.676 


60.240 


1.77988 


8.0529 


0.90595 


28.6854 


766 


4 


162.686 


60.216 


971 


/ 8.0497 


578 


28.6966 


783 


5 


163.696 


60.193 


954 


8.0466 


561 


28.7080 


1.4580a 


6 


164.707 


60.167 


936 


8.0433 


543 


28.7200 


818 


7 


165.718 


60.144 


919 


8.0401 


526 


28.7310 


835 


8 


166.729 


60.120 


902 


8.0370 


509 


28.7422 


852 


9 


167.740 


60.095 


1.77884 


8.0336 


0.90491 


28.7541 


870 


200 


168.752 


60.071 


866 


8.0303 


473 


28.7660 


888 


I 


169.764 


60.047 


849 


8.0272 


456 


28.7774 


1.45905 


2 


170.776 


60.022 


831 


8.0238 


438 


28.7892 


923 


3 


171.790 


59-997 


813 


8.0205 


420 


28.8013 


941 


4 


172.801 


59-974 


1.77796 


8.0174 


403 


28.8125 


958 


5 


173.812 


59-947 


777 


8.0139 


0.90384 


28.8250 


977 


6 


174.826 


59.921 


758 


8.0104 


365 


28.8377 


996 


7 


175.837 


59-895 


739 


8.0069 


346 


28.8503 


1. 46015 


8 


176.848 


59-869 


720 


8.0034 


327 


28 . 8630 


034 


9 


177.860 


59.844 


702 


8.0000 


309 


28.8750 


052 


210 


178.873 


59.819 


1.77684 


7.9967 


0.90291 


28.8870 


070 


II 


179-889 


59-793 


665 


7-9932 


272 


28.8996 


089 


12 


180.899 


59.768 


647 


7 . 9899 


254 


28.9117 


I. 46107 


13 


181. 913 


59-744 


1.77629 


7.9866 


0.90236 


28.9237 


125 



PRA VS STEAM TABLES AND ENGINE CONSTANTS. 



27 



FACTORS OF EVAPORATION : The Equivalent of (from and at 2i2F°.) 

This table calls for the figure one^ when used, to be put before the decimal. 

Decimals only are given in this table. 

Abs. lbs. Temp., F*. 



Lbt. 


15 

«3* 


SO 

2a7.9» 


25 

2400 


80 

250. 250 


40 

267. i» 


60 

280.85* 


60 

392.5" 


70 

3<».7* 


75 


Feed 
Water* 


307.4* 


32 


/.1876 


M923 


f.i962 


{.1995 


1.2047 


/.2091 


/.2128 


f*. 2160 


/■2174 


3 


66 


13 


52 


85 


' 37 


bi 


18 


5^ 


64 


4 


56 


.1903 


42 


75 


27 


71 


.2108 


40 


54 


5 


45 


.i8q2. 


31 


64 


16 


60 


.bo97 


29 


43 


6 


34 


81 


20 


54 


.2006 


50 


87 


19 


33 


7 


24 


71 


10 


43 


.1995 


39 


76 


.2108 


22 


8 


14 


61 


.1900 


. 33 


85 


29 


66 


.20<48 


12 


9 


.1804 


51 


.1890 


23 


75 


19 


56 


88 


.2102 


40 


.1793 


40 


79 


12 


64 


.2008 


45 


77 


.2091 


I 


83 


30 


68 


.1901 


53 


•*997 


34 


66 


80 


2 


73 


20 


59 


.1892 


44 


88 


25 


57 


71 


3 


62 


.1809 


48 


81 


33 


77 


14 


46 


60 


4 


52 


.1799 


37 


70 


22 


66 


.2003 


35 


49 


5 


42 


89 


28 


61 


13 


57 


.1991 


26 


40 


6 


31 


78 


J7 


50 


.1902 


46 


83 


15 


29 


7 


21 


68 


.1806 


39 


.1891 


35 


72 


.2004 


18 


8 


10 


57 


.1796 


29 


81 


25 


62 


.1995 


.2009 


9 


.1700 


47 


86 


19 


71 


15 


52 


84 


.1998 


50 


.i6go 


37 


75 


.1808 


60 


.1904 


41 


73 


87 


I 


79 


26 


65 


.1798 


50 


.1894 


31 


63 


77 


2 


69 


16 


55 


88 


40 


84 


21 


53 


67 


3 


59 


.1706 


44 


77 


29 


73 


10 


42 


c6 


4 


48 


.1695 


34 


67 


19 


63 


.1900 


32 


46 


5 


38 


85 


24 


57 


.1809 


53 


.1890 


22 


36 


6 


28 


75 


13 


46 


.1799 


43 


80 


12 


26 


7 


17 


64 


.1703 


36 


88 


32 


69 


.1901 


15 


8 


.1607 


54 


.1693 


26 


78 


22 


59 


.i8qi 


.1905 


9 


.1597 


44 


82 


15 


67 


II 


48 


80 


.1894 


60 


86 


33 


72 


.1705 


57 


.1801 


38 


70 


84 


I 


76 


23 


62 


. 1695 


47 


.1791 


28 


60 


74 


2 


66 


13 


5T 


84 


36 


80 


17 


49 


63 


3 


56 


.1603 


42 


75 


27 


71 


.1808 


40 


54 


4 


45 


.1592 


31 


64 


16 


60 


.1797 


29 


43 


5 


35 


82 


20 


53 


.1705 


49 


86 


18 


32 


6 


24 


71 


.1609 


42 


.1694 


38 


75 


.1807 


21 


7 


14 


61 


.1599 


32 


84 


28 


65 


.1797 


II 


8 


.1504 


51 


89 


22 


74 


18 


55 


87 


.1801 


9 


•1493 


40 


79 


12 


64 


.1708 


45 


77 


.1791 


70 


82 


29 


68 


.1601 


53 


.1697 


34 


66 


80 


I 


72 


19 


58 


.1591 


42 


86 


23 


55 


69 


2 


61 


.1508 


47 


80 


32 


76 


13 


45 


59 


3 


51 


.1498 


37 


70 


22 


66 


.1703 


35 


49 


4 


41 


88 


26 


59 


II 


55 


.1692 


24 


38 


5 


31 


■ 78 


16 


49 


.1601 


45 


82 


14 


28 


6 


20 


67 


.1506 


39 


.1591 


35 


72 


.1704 


18 


7 


.1410 


57 


.1495 


. 28 


80 


24 


61 


.1693 


.1707 


8 


.1399 


46 


85 


18 


70 


14 


51 


83 


.1697 


9 


89 


36 


75 


.1508 


60 


.1604 


41 


73 


87 



28 PRAVS STEAM TABLES AND ENGINE CONSTANTS, 

FACTORS OF EVAPORATION.— 0«rt««-V. 



Lbs. 


15 

2130 


20 

227. 9» 


2r> 

240' 


80 

250 25* 


40 

a67.i'» 


&0 

280.85- 


60 


70 

3oa.7« 


7« 


Feed 
Waici* 


307 4 


80 


.1379 


.1426 


.1464 


.1496 


.1549 


•1593 


.1630 


.1662 


.1676 


I 


69 


j6 


54 


87 


39 


83 


20 


52 


66 


2 


58 


.1405 


44 


76 


29 


73 


10 


42 


56 


3 


48 


•1395 


32 


05 


19 


63 


.1599 


31 


45 


4 


37 


84 


22 


55 


.1509 


53 


88 


20 


34 


5 


27 


74 


12 


45 


.1499 


43 


78 


10 


24 


6 


17 


64 


.1402 


35 


88 


32 


68 


.1600 


14 


7 


•1307 


54 


1392 


25 


78 


22 


58 


.1590 


.1604 


8 


.1296 


43 


• 82 


15 


68 


12 


48 


So 


•1594 


9 


86 


33 


71 


.1404 


57 


.1501 


37 


69 


83 


90 


75 


22 


61 


.1394 


47 


.1491 


27 


59 


73 


I 


65 


12 


51 


84 


37 


81 


17 


49 


63 


2 


55 


.1302 


40 


73 


26 


70 


.1506 


38 


52 


3 


44 


.1291 


30 


63 


16 


60 


.1496 


28 


42 


4 


33 


80 


20 


53 


.1406 


50 


86 


18 


32 


5 


23 


70 


.1309 


42 


•1395 


39 


75 


.1507 


21 


6 


13 


60 


.1298 


31 


84 


28 


64 


.1496 


.1510 


7 


.1202 


49 


87 


20 


73 


17 


53 


85 


.1499 


8 


. 1192 


39 


77 


10 


63 


.1407 


43 


75 


89 


9 


81 


28 


67 


.1300 


53 


•1397 


33 


65 


79 


100 


71 


18 


56 


.1289 


42 


86 


22 


54 


68 


I 


61 


.1208 


46 


79 


32 


76 


12 


44 


58 


2 


51 


.1198 


35 


68 


21 


65 


.1401 


33 


47 


3 


40 


87 


25 


58 


II 


55 


.1391 


23 


37 


4 


30 


77 


15 


48 


.1301 


45 


81 


13 


27 


5 


19 


66 


.1204 


37 


.1290 


34 


70 


.1402 


16 


6 


.1109 


56 


.1194 


27 


80 


24 


60 


.1392 


.1406 


7 


.1099 


46 


84 


17 


70 


14 


50 


82 


.1396 


8 


88 


35 


73 


.1206 


59 


.1303 


39 


72 


86 


9 


78 


25 


63 


.1196 


49 


.1293 


29 


61 


75 


no 


68 


15 


53 


85 


38 


82 


18 


50 


64 


I 


57 


.1104 


42 


75 


28 


72 


.1308 


40 


54 


2 


46 


.1093 


32 


65 


18 


62 


.1298 


30 


44 


3 


36 


83 


22 


55 


.1208 


52 


88 


20 


34 


4 


25 


72 


II 


44 


.1197 


41 


77 


.1309 


23 


5 


15 


62 


.IICX) 


33 


86 


30 


66 


.129S 


12 


6 


.1005 


52 


.1090 


23 


76 


20 


56 


88 


.1302 


7 


.0994 


41 


79 


12 


65 


.1209 


45 


77 


.1291 


8 


84 


31 


69 


.1102 


54 


.1198 


35 


67 


81 


9 


74 


21 


59 


.1092 


44 


88 


25 


57 


71 


120 


64 


II 


48 


81 


34 


78 


i4 


46 


60 


I 


53 


.1000 


38 


V 


24 


68 


.1204 


36 


50 


2 


43 


.0990 


28 


61 


14 


58 


1194 


26 


40 


3 


33 


80 


18 


51 


.1104 


48 


84 


16 


30 


4 


22 


69 


.1007 


40 


.1093 


37 


73 


.1205 


19 


5 


12 


59 


.0997 


30 


83 


27 


63 


.1195 


.1209 


6 


.0902 


49 


87 


20 


73 


17 


53 


85 


.1199 


7 


.0891 


38 


76 


.1009 


62 


.1106 


42 


74 


88 


8 


81 


28 


66 


•0999 


52 


.1096 


32 


64 


78 


9 


70 


17 


55 


88 


41 


85 


21 


53 


67 


130 


59 


.0906 


44 


77 


30 


74 


10 


42 


«;6 


I 


49 


.ob96 


34 


67 


20 


64 


.IICX) 


32 


4O 



FRAY'S STEAM TABLES AND ENGINE CONSTANTS. 29 

FACTORS OF EVAPORATION.— G7«A«f/^^. 



Lte. 


16 


20 


25 


80 

150. as" 


40 

267.1 


50 

280.850 


'60 


70 

30a. 7" 


75 


Feed 
Watei* 


307.4" 


132 


.0838 


.0885 


.0924 


.0957 


.1010 


.1054 


.1090 


.1122 


.1136 


3 


28 


75 


14 


47 


.1000 


44 


80 


12 


26 


4 


18 


65 


.0903 


36 


.0988 


32 


69 


.1101 


15 


5 


.0808 


55 


.0893 


26 


78 


22 


59 


.1091 


.1105 


6 


.0798 


45 


83 


16 


68 


12 


49 


81 


.1095 


7 


87 


34 


72 


.0905 


57 


.1001 


38 


70 


84 


8 


77 


24 


62 


.0895 


47 


.0991 


28 


60 


74 


9 


66 


13 


51 


84 


36 


80 


17 


49 


63 


140 


56 


.080-? 


41 


74 


26 


70 


.1007 


39 


53 


I 


45 


.0792 


30 


63 


15 


59 


.0996 


28 


42 


2 


34 


81 


19 


52 


.0904 


48 


85 


17 


31 


3 


24 


71 


.0809 


42 


.OlJQ4 


38 


75 


.loo^ 


21 


4 


14 


61 


.0799 


32 


84 


28 


65 


.0997 


II 


5 


.0704 


51 


89 


22 


74 


18 


55 


87 


.1001 


6 


.0693 


40 


78 


II 


63 


.0907 


44 


76 


.0990 


7 


82 


29 


67 


.0800 


52 


.0896 


33 


65 


79 


S 


72 


19 


57 


.0790 


42 


86 


23 


55 


69 


9 


62 


.0709 


47 


80 


32 


76 


13 


45 


59 


150 


•52 


.0699 


37 


70 


22 


66 


.0903 


35 


49 


I 


41 


88 


26 


59 


II 


55 


.0892 


24 


38 


2 


31 


78 


16 


49 


.0801 


45 


82 


14 


28 


3 


20 


67 


.0705 


38 


.0790 


34 


71 


.0903 


17 


4 


.0609 


56 


■X 


27 


79 


23 


60 


.0892 


.0906 


5 


.0599 


46 


17 


.69 


13 


50 


82 


.0896 


6 


89 


36 


74 


.0707 


*59 


.0803 


40 


72 


86 


7 


73 


25 


63 


.0696 


48 


.0792 


29 


61 


75 


8 


68 


15 


53 


86 


38 


82 


19 


51 


65 


9 


58 


.0605 


43 


76 


28 


72 


.0809 


41 


55 


160 


48 


•05Q5 


33 


66 


18 


62 


.0799 


31 


45 


I 


37 


84 


22 


55 


.0707 


51 


88 


20 


34 


2 


26 


73 


II 


44 


.0696 


40 


77 


.0809 


23 


3 


15 


62 


.0600 


33 


85 


29 


66 


.0798 


12 


4 


.0505 


52 


.0590 


23 


75 


19 


56 


88 


.0802 


5 


.0495 


42 


80 


13 


65 


.0709 


46 


78 


.0792 


6 


84 


31 


69 


.0602 


55 


.0699 


36 


68 


82 


7 


74 


21 


59 


.0592 


44 


88 


25 


57 


71 


8 


64 


II 


49 


82 


34 


78 


15 


47 


61 


9 


53 


.0500 


38 


71 


23 


67 


.0704 


36 


50 


170 


43 


.0490 


28 


61 


13 


57 


.0694 


26 


40 


I 


32 


79 


17 


50 


.0602 


46 


83 


15 


29 


2 


21 


68 


.0506 


39 


.0591 


35 


72 


.0704 


18 


3 


II 


58 


.0496 


29 


81 


25 


62 


.0694 


.0708 


4 


.0401 


48 


86 


19 


71 


15 


52 


84 


.0698 


5 


.0391 


38 


76 


.0509 


61 


.0605 


42 


74 


88 


6 


80 


27 


65 


.0498 


50 


.0594 


31 


63 


77 


7 


70 


17 


55 


88 


40 


84 


21 


53 


67 


8 


60 


.0407 . 


45 


78 


30 


74 


II 


43 


57 


9 


49 


.0396 


34 


67 


19 


63 


.0600 


32 


46 


180 


38 


85 


23 


56 


.0508 


52 


.0589 


21 


35 


I 


27 


74 


12 


45 


.0497 


41 


78 


10 


24 


2 


17 


64 


.0403 


35 


87 


31 


68 


.0600 


14 


3 


.0307 


54 


.0392 


25 


77 


21 


58 


.0590 


.0604 



30 PRATS STEAM TABLES AXD ENGINE CONSTANTS. 

FACTORS OF EVAPORATION.— a/f/mf^f*/. 



Lb«. 




20 


26 


80 

250. as* 


40 

267 !• 


60 

28o.85» 


60 
•9» S** 


70 

302.7- 


76 


Feed 
Water* 


307.4* 


184 


.0297 


•0344 


.0382 


.0414 


.0467 


.0511 


.0548 


.0580 


.0594 


5 


86 


33 


71 


.0404 


56 


.0500 


37 


69 


83 


6 


76 


23 


61 


.0394 


46 


.0490 


27 


59 


73 


7 


66 


13 


51 


84 


36 


80 


17 


49 


63 


8 


55 


.0302 


40 


73 


25 


69 


.0506 


38 


52 


9 


45 


.0292 


30 


63 


15 


59 


.0496 


28 


42 


190 


34 


81 


19 


52 


.0404 


48 


85 


17 


31 


I 


23 


70 


.0308 


41 


.0393 


37 


74 


.0506 


20 


2 


13 


60 


.0298 


31 


83 


27 


64 


.0496 


II 


3 


.0203 


50 


88 


21 


73 


17 


54 


86 


.0500 


4 


.0192 


39 


77 


.0310 


62 


.0406 


43 


75 


.0490 


5 


81 


28 


66 


.0299 


51 


.03U5 


32 


64 


78 


6 


70 


17 


55 


88 


40 


84 


21 


53 


67 


7 


60 


.0207 


45 


78 


30 


74 


II 


43 


57 


8 


50 


.0197 


35 


68 


20 


64 


.0401 


33 


47 


9 


40 


87 


25 


58 


.0310 


54 


.0391 


23 


37 


200 


29 


76 


14 


47 


.0299 


43 


80 


12 


26 


I 


19 


66 


.0204 


37 


89 


33 


70 


.0402 


16 


2 


.0109 


56 


.0194 


27 


79 


23 


60 


.0392 


.0406 


3 


.0098 


45 


83 


16 


68 


12 


49 


82 


.0396 


4 


87 


34 


72 


.0205 


57 


.0301 


38 


70 


84 


5 


76 


23 


61 


.0194 


46 


.0290 


27 


59 


73 


6 


66 


13 


51 


84 


36 


80 


17 


49 


63 


7 


56 


.0103 


41 


74 


26 


70 


.0307 


39 


53 


8 


45 


.0092 


30 


63 


15 


59 


.0296 


28 


42 


9 


35 


82 


20 


53 


.0205 


48 


85 


17 


31 


210 


24 


71 


.0109 


42 


.0194 


38 


75 


.0307 


21 


II 


14 


61 


.0099 


32 


84 


28 


65 


.0297 


II 


12 


.0003 


.0050 


.0089 


.0121 


.0174 


.0218 


.0255 


.0287 


.0301 


K 


.00094 


.00078 


.00064 


.00053 


.00044 


.00037 


.00032 


.00028 


.00028 



NOTE.— The figures at the foot of the page, at bottom of each column, are Constants for each pound of 
pressure between that column and the next one beyond it only, and for each or any degree from 32 to 212. 
If the exact Factor is wanted, add the decimal as many times as there is difference in pounds to the Factor from 
that column, and you have the precise factor of evaporation for any degree and every pound of the absolute 
pressure, from 15 lbs. absolnte up to two hundred pounds. Example : wanted, the factor for 113 lb«. and 79" F. 
From xiolbs. lake 79" = x.1774, then three times .00020 is .00060, and x.1774 + .00060 = 1.1730, which is exact, 
and so for any pressure or degree. The line K is Constant for that line of pressure only (top of page), but for 
any degree of that line of pressure, from 32 to 212, and between the pressure in pounds (absolute) per square 
inch, over the K and the next column to the right. The last K on the page goes to the first column on the 
next page. 
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FACTORS OF EVAPORATION (Section 2). 

Abs.lbs. Temp., F«. 



Lba. 


80 

311. 80 


90 

320+« 


100 

3a7.6« 


105 

331. «" 


110 

334 52" 


116 

337.8i» 


120 

34i» 


126 

344. «• 


180 


Feed 
Waler» 


347- »* 


32 


.2188 


.2215 


.2238 


.2249 


.2260 


.2270 


.2280 


.2290 
80 


.2300 


3 


78 


.2204 


28 


39 


50 


60 


70 


.2290 


4 


68 


•2194 


18 


29 


40 


50 


60 


70 


80 


5 


58 


84 


.2208 


19 


30 


40 


50 


60 


70 


6 


47 


73 


.2197 


.2208 


19 


29 


39 


49 


59 


7 


37 


63 


b7 


.2198 


.2209 


19 


29 


39 


49 


8 


27 


53 


77 


88 


.2199 


.2209 


19 


29 


39 


9 


17 


43 


67 


78 


89 


.2199 


.2209 


19 


29 


40 


.2106 


32 


56 


67 


78 


88 


.2198 


.2208 


18 


I 


.2096 


22 


46 


57 


68 


78 


88 


^'t 


.2208 


2 


86 


12 


36 


47 


58 


68 


78 


.2198 


3 


76 


.2102 


26 


37 


48 


58 


68 


78 


88 


4 


65 


.2091 


15 


26 


37 


47 


57 


67 


77 


5 


55 


81 


.2105 


16 


27 


37 


47 


57 


67 


6 


45 


71 


•2095 


.2106 


17 


27 


37 


47 


57 


7 


35 


61 


85 


.2096 


.2107 


17 


27 


37 


47 


8 


24 


50 


74 


85 


.2096 


.2106 


16 


26 


36 


9 


13 


39 


63 


74 


85 


•2095 


.2105 


15 


25 


50 


.2002 


28 


52 


63 


74 


84 


.2094 


.2104 


14 


I 


.1991 


17 


41 


52 


63 


73 


83 


.2093 


.2103 


2 


81 


.2007 


31 


42 


53 


63 


73 


83 


.2093 


3 


71 


•1997 


21 


32 


43 


53 


63 


P 


83 


4 


60 


86 


10 


21 


32 


42 


52 


62 


72 


5 


50 


76 


.2000 


II 


22 


32 


42 


52 


62 


6 


40 


66 


.1990 


.2001 


12 


22 


32 


42 


52 


7 


29 


55 


79 


.1990 


.2001 


II 


21 


31 


41 


8 


19 


45 


69 


80 


.1991 


.2001 


II 


21 


31 


9" 


.1908 


34 


58 


69 


80 


.1990 


.2000 


10 


20 


60 


.1898 


24 


48 


59 


70 


80 


.1990 


.2000 


10 


I 


88 


14 


33 


49 


60 


70 


80 


.1990 


.2000 


2 


78 


.1904 


2S 


39 


50 


60 


70 


80 


.1990 • 


3 


67 


.1893 


17 


28 


39 


49 


59 


69 


79 


4 


57 


83 


.1907 


18 


29 


39 


49 


59 


69 


5 


47 


73 


.1897 


.1908 


19 


29 


39 


49 


59 


6 


36 


62 


86 


.i«g7 


.1908 


18 


28 


38 


48 


7 


26 


52 


76 


87 


.1898 


.1908 


18 


28 


38 


8 


16 


42 


66 


77 


88 


.1898 


.1908 


18 


28 


9 


.1805 


31 


55 


66 


77 


87 


.1897 


.1907 


n 


70 


.1795 


21 


45 


55 


66 


76 


86 


.1896 


.1906 


I 


85 


II 


35 


46 


57 


67 


77 


87 


.1897 


2 


74 


.1800 


24 


35 


46 


56 


66 


76 


tt 


3 


64 


.1790 


14 


25 


36 


46 


56 


66 


76 


4 


54 


80 


.1804 


15 


26 


36 


46 


56 


66 


5 


43 


69 


•1793 


.1804 


15 


25 


35 


45 


55 


6 


33 


59 


83 


.1794 


.1805 


15 


25 


35 


45 


7 


23 


49 


73 


84 


1795 


.1805 


15 


25 


35 


8 


12 


3^ 


62 


73 


84 


.1794 


.1804 


14 


24 


9 


.1702 


28 


52 


63 


74 


84 


•1794 


.1804 


14 



32 PRA VS STEAM TABLES AND ENGINE CONSTANTS. 

FACTORS OF EVAPORATION (Section 2),—OmHnued, 



Lbs. 


80 

311. 8» 


90 

3XH-** 


100 

3»7.6» 


105 
33 « «* 


110 

334 52* 


116 

337.8.» 


ISO 

341'* 


125 

344.1' 


ISO 


Feed 
Water* 


347 I* 


80 


.1691 


.1717 


.1741 


•1752 


.1763 


.1773 


.1783 


•1793 


.1803 


I 


8f 


.1707 


31 


42 


53 


63 


73 


83 


•1793 


2 


71 


.1697 


21 


32 


43 


53 


63 


73 


83 


3 


60 


86 


09 


21 


32 


42 


52 


62 


71 


4 


50 


•76 


.1700 


II 


22 


32 


42 


52 


62 


5 


40 


66 


.1690 


.1701 


12 


22 


32 


42 


5« 


6 


29 


55 


79 


.1690 


.1701 


II 


21 


31 


41 


7 


19 


45 


69 


80 


.1691 


.1701 


II 


21 


31 


8 


.1609 


35 


59 


70 


80 


.1690 


.1700 


10 


20 


9 


.1598 


24 


48 


59 


70 


80 


.1690 


.1700 


10 


90 


88 


14 


38 


49 


60 


70 


80 


.1690 


.1700 


I 


77 


.1603 


27 


38 


49 


59 


69 


?^ 


.1689 


2 


67 


•1593 


17 


28 


39 


49 


59 


69 


79 


3 


56 


82 


.1606 


17 


28 


38 


48 


58 


68 


4 


46 


72 


.1596 


.1607 


18 


28 


38 


48 


58 


5 


35 


61 


85 


.1596 
86 


.1607 


17 


27 


37 


47 


6 


25 


51 


75 


.1597 


.1607 


17 


27 


37 


7 


14 


40 


64 


75 


86 


.1596 


.1606 


16 


26 


8 


.1504 


30 


54 


65 


76 


86 


.1596 


.1606 


16 


9 


93 


19 


43 


54 


65 


75 


85 


.i595 


.1605 


100 


.1483 


.1509 


33 


44 


55 


65 


75 


85 


•1595 


I 


73 


.1499 


23 


34 


45 


55 


65 


75 


85 


2 


62 


88 


12 


23 


34 


44 


54 


64 


74 


3 


52 


78 


.1502 


13 


24 


34 


44 


54 


64 


4 


41 


67 


.1491 


.1502 


13 


23 


33 


43 


53 


5 


31 


57 


8r 


.1492 


•1503 


13 


23 


33 


43 


6 


20 


46 


70 


81 


.1492 


.1502 


12 


22 


32 


7 


10 


36 


60 


71 


82 


.1492 


.1502 


12 


22 


8 


.1400 


26 


50 


61 


72 


82 


.1492 


.1502 


12 


9 


.1389 


15 


39 


50 


61 


71 


81 


.1491 


.1501 


110 


•1379 


.1405 


29 


40 


51 


61 


71 


81 


.1491 


I 


68 


.1394 


19 


30 


41 


51 


61 


71 


81 


2 


58 


84 


.1408 


19 


30 


40 


50 


60 


70 


3 


47 


73 


.1397 


.1408 


19 


29 


39 


49 


59 


4 


37 


63 


87 


.1398 


.1409 


19 


29 


39 


49 


5 


27 


53 


77 


88 


.1399 


.140Q 


19 


29 


39 


6 


16 


42 


66 


77 


88 


.1398 


.1408 


18 


28 


7 


.1306 


32 


56 


67 


78 


88 


.1398 


.1408 


18 


8 


.1296 


22 


46 


57 


68 


78 


88 


.1398 


.1408 


9 


85 


II 


35 


46 


57 


67 


77 


87 


.1397 


120 


75 


.1301 


25 


36 


47 


57 


67 


77 


87 


I 


64 


.1290 


14 


25 


36 


46 


56 


66 


76 


2 


54 


80 


.1304 


15 


26 


36 


46 


56 


66 


3 


44 


70 


.1294 


.1305 


16 


26 


36 


46 


56 


4 


33 


59 


83 


.1294 


.1305 


15 


25 


35 


45 


5 


23 


49 


73 


84 


•1295 


.1305 


15 


25 


35 


6 


13 


39 


63 


74 


85 


.1295 


.1305 


15 


25 


7 


.1202 


28 


52 


63 


74 


84 


.1294 


.1304 


14 


8 


.1192 


i8 


42 


53 


64 


74 


84 


.1294 


.1304 


9 


82 


.1208 


32 


43 


54 


64 


74 


84 


.1294, 


130 


.1171 


.1197 


21 


32 


43 


53 


63 


73 


83 


I 


61 


87 


II 


22 


33 


43 


53 


63 


73 



PRATS STEAM TABLES AND ENGINE CONSTANTS, 
FACTORS OF EVAPORATION (Section 2).—CanHntud. 



33 



Lbt. 


80 

3II.8" 


90 

3«»+« 


100 

3a7.6«^ 


lOo 

331.1' 


110 

334. Sa" 


116 

337.8I' 


120 

34X*» 


126 

344 !• 


180 


Feed 
Water- 


347.x' 


132 


.1151 


.1177 


.1201 


.1212 


.1223 


.1233 


•1243 


.1253 


.1263 


3 


41 


67 


.1191 


.1202 


.1213 


23 


33 


43 


53 


4 


30 


56 


80 


.1191 


.1202 


12 


22 


32 


42 


5 


19 


45 


69 


80 


.1191 


.1201 


II 


21 


31 


6 


.1109 


35 


59 


70 


8r 


.1191 


.1201 


\l 


21 


7 


.1099 


25 


49 


60 


7r 


81 


.1191 


.1201 


II 


8 


89 


15 


39 


50 


61 


71 


81 


.1191 


.1201 


9 


79 


.1105 


29 


40 


51 


61 


71 


81 


.1191 


140 


68 


.1094 


18 


29 


40 


50 


60 


70 


80 


I 


57 


83 


.1107 


18 


29 


39 


49 


59 


69 


2 


47 


73 


.1097 


.1108 


19 


29 


39 


49 


59 


3 


36 


62 


86 


.1097 


.1108 


18 


28 


38 


48 


4 


26 


52 


76 


87 


.1098 


.1108 


18 


28 


38 


5 


16 


42 


66 


77 


88 


.1098 


.1108 


18 


28 


6 


.1005 


31 


55 


66 


77 


87 


.1097 


.1107 


17 


7 


.0994 


20 


44 


55 


66 


76 


86 


.1096 


.1106 


8 


84 


10 


34 


45 


56 


66 


76 


86 


.1096 


9 


74 


.1000 


24 


35 


46 


56 


66 


76 


86 


150 


64 


.0990 


14 


25 


36 


46 


56 


66 


76 


I 


53 


?9 


.1004 


15 


26 


36 


46 


56 


66 


2 


43 


^2 


•0993 


.1004 


15 


25 


35 


45 


55 


3 


32 


58 


82 


.0993 


.1004 


14 


24 


34 


44 


4 


22 


48 


72 


83 


.0993 


.1003 


13 


23 


33 


5 


II 


37 


61 


72 


83 


.0993 


.1003 


13 


23 


6 


.0901 


27 


51 


62 


73 


83 


.0993 


.1003 


13 


7 


.0890 


16 


40 


51 


62 


72 


82 


.0992 


.1002 


8 


80 


.0906 


30 


41 


52 


62 


r 


82 


.0992 


9 


70 


.0896 


20 


31 


42 


52 


62 


72 


82 


160 


59 


85 


.0909 


20 


31 


41 


51 


61 


71 


I 


49 


75 


.0899 


.0910 


21 


31 


41 


51 


61 


2 


38 


64 


88 


.0899 


.0910 


20 


30 


40 


50 


3 


27 


53 


77 


88 


.0899 


.0909 


19 


29 


39 


4 


17 


43 


67 


78 


89 


.0899 




19 


29 


5 


.0807 


33 


57 


68 


79 


89 


.0899 




19 


6 


.0797 


23 


47 


58 


69 


79 


89 


.0899 


.0909 


7 


86 


12 


36 


47 


58 


68 


78 


88 


.0898 


8 


76 


.0802 


26 


37 


48 


58 


68 


78 


88 


9 


65 


.0791 


IS 


26 


37 


47 


57 


67 


77 


170 


55 


81 


.0805 


16 


27 


37 


47 


57 


67 


I 


44 


70 


.0794 


.0805 


16 


26 


36 


46 


56 


2 


33 


59 


83 


.0794 


.0805 


15 


25 


35 


45 


3 


23 


49 


73 


84 


.0795 


.0805 


15 


25 


35 


4 


13 


39 


63 


74 


85 


.0795 


.0805 


15 


25 


5 


.0703 


29 


53 


64 


75 


85 


.0795 


.0805 


15 


6 


.0692 


18 


42 


53 


64 


74 


84 


.0795 


.0805 


7 


82 


.0708 


32 


43 


54 


64 


74 


84 


.0794 


8 


72 


.0698 


22 


33 


44 


54 


64 


74 


84 


9 


61 


87 


II 


22 


33 


43 


53 


63 


73 


180 


50 


76 


.0700 


II 


22 


32 


42 


52 


62 


I 


39 


65 


.0689 


.0700 


II 


21 


31 


41 


51 


2 


29 


55 


79 


.0690 


.0701 


II 


21 


3r 


41 


3 


19 


45 


69 


80 


.0691 


.0701 


II 


21 


31 



54 PRA VS STEAM TABLES AND ENGINE CONSTANTS. 

FACTORS OF EVAPORATION (Section 2).-'ConHnued, 



Lb^ 


80 

311. 8» 


90 

3«»+« 


100 


106 

331. »• 


110 

334. 52' 


116 

337.810 


120 

541" 


126 

344,x* 


ISO 


Feed 
Water* 


347. »• 


184 


.0609 


.0635 


<yis9 


.0670 


.0680 


.0691 


.0701 


.0711 


.0721 


5 


.o5q8 


.0624 


.0648 


.0659 


.0669 


.0680 


.0691 


.0700 


.0709 


6 


88 


14 


38 


49 


60 


70 


80 


.0690 


.0700 


7 


78 


.0604 


28 


39 


50 


60 


70 


80 


.0690 


8 


67 


.0593 


17 


28 


39 


49 


59 


69 


79 


9 


57 


83 


.0607 


18 


29 


39 


49 


59 


69 


190 


46 


72 


.0596 


.0607 


18 


28 


38 


48 


58 


I 


36 


62 


86 


.0597 


.0608 


18 


28 


38 


48 


2 


25 


51 


75 


86 


.0597 


.0607 


17 


27 


37 


3 


15 


41 


65 


76 


87 


•0597 


.0607 


17 


27 


4 


.0505 


31 


55 


66 


77 


87 


.0597 


.0607 


17 


5 


.0494 


20 


44 


55 


66 


76 


86 


.0596 


.0606 


6 


83 


.0509 


33 


44 


55 


65 


75 


85 


.0595 


7 


72 


.0498 


22 


33 


44 


54 


64 


74 


84 


8 


62 


88 


12 


23 


34 


44 


54 


64 


74 


9 


52 


78 


.0502 


13 


24 


34 


44 


54 


64 


200 


41 


67 


.0491 


.0502 


13 


23 


33 


43 


53 


I 


31 


57 


81 


.0492 


.0503 


13 


?3 


33 


43 


2 


21 


47 


71 


82 


.0493 


.0503 


13 


23 


33 


3 


II 


37 


61 


72 


83 


•0493 


.0503 


13 


23 


4 


.0401 


27 


51 


62 


73 


83 


.0493 


.0503 


13 


5 


.0390 


16 


40 


51 


62 


72 


82 


.0492 


.0502 


6 


79 


.0405 


29 


40 


51 


6i 


71 


81 


.0491 


7 


68 


.0394 


18 


29 


40 


50 


60 


70 


80 


8 


57 


83 


.0407 


18 


29 


39 


49 


59 


^ 


9 


46 


72 


.0396 


.0407 


18 


28 


38 


48 


58 


210 


.0336 


62 


86 


.0397 


.0408 


18 


28 


38 


48 


I 


25 


51 


75 


86 


.0397 


.0407 


17 


27 


37 


2 


.0315 


.0341 


.0365 


.0376 


.0387 


•0397 


.0407 


.0417 


.0427 


K» 


.00026 


.00024 


.00022 


.00022 


.00020 


.00020 


.00020 


.00020 


.00018 



NOTE.— The figures at the foot of the page, at bottom of each columa, are Constants for each pound of 
pressure between that column and the next one beyond it OIlIy« and for each or any degree from 33 to 213. 
If the exact Factor is wanted, add the decimal as many times as there is difference in pounds to the Factor from 
that column, and you have the precise factor of evaporation for any degree and every pound of the absolute 
pressure, from 15 lbs. absolute up to two hundred pounds. Example : wanted, ihe factor for 113 lbs. and 79° F. 
From xio lbs. take 79° = x . 1774, then three times .00020 is .00060, and x . 1774 + .00060 s x . X780, which is exact, 
and so for any pressure or degree. The line K is Constant for that line of pressure only (top of page), but for 
any degree of that line of pressure, from 33 to 212, and between the pressure in pounds (absolute) per square 
inch, over the K and the next column to the right. The last K on the page goes to the first odamn on the 
next page. 
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HEAT OF STEAM (Regnault^, direct from his own figures). Author's Com- 
putation — Fahrenheit Degrees and British Thermal Units. 

The fint left-hand columa is Tempermtare of the Steam in Fahrenheit degrees. 

H. = Total Heat of the Steam, from 39^ F. 

L. = Latent Heat of Vaporization, from 32° 'F. 

P. s Pounds per Square Inch at 45^ Latitude, Sea Level, Mercury at 3a® F. t. 

h. =s Heat of the Liquid, from 3s** F. 

Note.— The points marked with (X) are the poinu of Regnault*s observations converted into Fahrenheit 
deicrees, precise in every instance, and all computations are with the strictest regard to his own observations. 



AUF* 


H. 


L. 


P. 


h. 


104 X 


1113.66 


1041.66 


I. 0621 


72.091 


5 


13.96 


40.95 


1.0939 


73-095 


6 


14.26 


40.24 


1.1267+ 


74.099 


7 


14.56 


39.53 


1.1600 


75.103 


8 


14. b6 


38.82 


I. 1948 


76.106 


9 


15.16 


38.11 


I . 2301 


77.109 


no 


15.46 


37.40 


1.2665 


78.113 


I 


15.76 


36.69 


1.3035 


79.117 


2 


16.06 


35.98 


I. 3418 . 


80.121 


3 


16.36 


35.27 


1.3805 


81.124 


4 


16.66 


34.56 


1-4207 


82.128 


5 


16.96 


33.85 


I. 4618 


83-131 


6 


17.26 


33.14 


1.5040- 


84.135 


7 


17-56 


32.43 . 


1.5470 


85.139 


8 


17.86 


31-72 


1. 59"+ 


86.142 


9 


18.16 


31.01 


1.6362 


87.146 


120 


18.46 


1030.30 


1.6828- 


88.149 


I 


18.76 


29.59 


1.7303- 


89-153 


2X 


19.06 


28.88 


1.7788 


90.156 


3 


1937 


28.19 


1.8287 


91.162 


4 


19.68 


27.50 


1.8797 


92.167 


5 


19.99 


26.81 


I. 9321 


93.172 


6 


1120.30 


26.12 


1.9855 


94-177 
95.18% 


7 


20.61 


25-43 


2.0399 


8 


20.92 


24.74 


2.0957 . 


96.187 


9 


21.23 


24.05 


2.1530+ 


97.192 


130 


21.54 


23.36 


2.2118 


98.197 


I 


21.85 


22.67 


2.2721 


99.202 


2 


22.16 


21.98 


2.3333 


100.207 


3 


22.47 


21.29 


2.3960 


101.212 


4 


22.78 


1020.60 


2.4602 


102.217 


5 


23.09 


19.91 


2.5258 


103 . 222 


6 


23.40 


19.22 


2.5929 


104.227 


7 


23.71 


iii-53 


2.6620 


105.232 


8 


• 24.02 


17.84 


2.7321 


106.237 


9 


24.33 


17.15 


2.8041 


107.242 


140 X 


24.64 


16.46 


2.8775 


108 . 246 


I 


24.94 


15.75 


. 2.9525 


109.254 


2 


25.24 


15.04 


3.0289 


110.261 


3 


25.54 


14 -33 


3.1073 


III. 269 
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AllFo 


IL 


L. 


P. 


h. 


144 


1125.84 


1013.62 


3.1877 


112.276 


5 


26.14 


12.91 


3.2695 


113.283 


6 


26.44 


12.20 


3.3532 


114.290 


7 


26.74 


11.49 


3.4385 


115.298 


8 


27.04 


10.78 


3.5262 


116.305 


9 


2734 


1010.07 


3.6154 


117. 312 


150 


27.64 


09.36 


3.7065 


118.320 


I 


27.94 


08.65 


3.7996 


119.327 


2 


28.24 


07.94 


3.8940 


120.334 


3 


28.54 


07.23 


3.9911 


121.342 


4 


1128.84 


06.52 


4.0900 


122.349 


5 


29.14 


05.81 


4.1914 


123.356 


6 


29.44 


05.10 


4.2948 


124.363 


7 


29.74 


04.39 


4I4001 


125.371 


8x 


1130.04 


03.68 


4.5074 


126.378 


9 


30.35 


02.98 


4.6171 


127.385 


160 


30.66 


02.28 


4.7293 


128.392 


I 


30.97 


01.58 


4.8434 


129.400 


2 


31-28 


00.88 


4.9601 


130.407 


3 


31.59 


1000.18 


5.079' 


131.414 


4 


31.90 


999.48 


5.2006 


132.421 


5 


32.21 


98.78 


5.3240 


133.428 


6 


32.52 


98.08 


5.4504 


134.436 


7 


32.83 


97.38 


5.5793 


135.443 


8 


33.14 


96.68 


5.7106 


136.450 


9 


33.45 


95.98 


5.8443 


137.457 


170 


33.76 


95.28 


5.9810 


138.464 


I 


34 07 


94.58 


6.1201 


139.472 


2 


34.38 


93.88 


6.2622 


140.479 


3 


34.69 


93.18 


6.4067 


141.486 


4 


35.00 


92.48 


6.5541 


142.493 


5 


35.31 


91.78 


6.7046 


143.500 


6x 


35.62 


91.08 


6.8574 


144.508 


7 


35.92 


990.37 


7.0136 


145.518 


8 


36.22 


9S9.66 


7.1728 


146.528 


9f 


36.52 


88.95 


7.3350 


147.538 


180 


36.82 


88.24 


7.5002 


148.548 


I 


37.12 


87 -53 


7.6682 


149.558 


2 


37.42 


86.82 


7.8395 


150.567 


3 


37.72 


86.11 


8.0144 


151.577 


4 


38.02 


85.40 


8.1922 


152.587 


5 


38.32 


84.69 


8.3735+ 


153-597 


6 


38.62 


83.98 


8.5578 


154.607 


7 


38.92 


8^.27 


8.7459 


155.617 


8 


39.22 


82.56 


8.9370 


156.627 


9 


39-52 


81.85 


9.1319 


157.637 


190 


39.82 


81.14 


9 3302 


158.647 


I 


1140.12 


980.43 


9.5322 


159.657 


2 


40.42 


979.72 


9-7378 


160.666 


3 


40.72 


79.01 


9.9470 


161.676 


4X 


41.02 


78.30 


10.1602 


162.685 


5 


41.33 


77.60 


10.3770 


163.698 


6 


41.64 


76.90 


10.5964 


164.710 
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AnF« 


H. 


L. 


P. 


h. 


197 


I 141. 95 


976.20 


10.8220 


165.722 


8 


42.26 


75.50 


11.0502 


166.733 


9 


42.57 


74.80 


11.2830 


167.745 


aoo 


42.88 


74.10 


II. 5197 


168.757 


I 


43- 19 


73.40 


11.7600 


169.769 


2 


43.50 


72.70 
72.00 


12.0050 


170.781 


3 


43.81 


12.2540 


171-793 


4 


1144.12 


71.30 


12.5075 


172. 8c5 


5 


44-43 


970.60 


12.7652 


173.817 


6 


44-74 


69.90 


13.0275 


174.829 


7 


45.05 


69.20 


13.2940 


175.841 


8 


45-36 


68.50 • 


13.5654 


176.852 


9 


45-67 


67.80 


13.8410 


177.864 


210 


45.98 


67.10 


14.1210 


178.876 


I 


46.29 


66.40 


14.4066 


179.888 


2X 


46.60 


65.70 


14.69636 


180.900 


3 


46.^ 


64.89. 


14.9903 


181. .914 


4 


47.20 


64.28 


15.2900 


182.928 


5 


47-50 


63-57 


15.5930 


183.942 


6 


47.80 


62.86 


15.9015+ 


184.956 


7 


48.10 


62.15 


16.2200 


185.971 


8 


48.40 


61.44 


16.5383 


186.985 


9 


48.70 


60.73 


16.8616 


187.999 


220 


49-00 


960.02 


17.1900- 


189.013 


I 


49.30 


95931 


17.5280 


190.027 


2 


49.60 


58.60 


17.8660 


191. 041 


3 


49-90 


57-89 


18.2140- 


192.055 


4 


50.20 


57.18 


18.5665 


193.069 


5 


50.50 


56.47 


18.9240 


194.083 


6 


50.80 


55.76 - 


19.2867 


195.097 


7 


51. xo 


55.05 


19.6540 


196. 112 


8 


51.40 


54.34 


20.0262 


197.126 


9 


51.70 


53.63 


20.4085 


198.140 


230 X 


52.00 


52.92 


20.7955 


199.154 


I 


52.31 


52.21 


21.1875+ 


200.170 


2 


52.62 


51.50 


21.5840 


201.187 


3 


52.93 


50.79 


21.9908 


202.203 


4 


53-24 


950.08 


22.3975 


203.220 


5 


53.55 


949-37 


22.8140 


204.236 


6 


53-86 


48.66 


23 .2397 


205 . 253 


7 


54-17 


47.95 


23.6663 


206.269 


8 


54.48 


47.24 


24.1023 


207 . 286 


9 


54.79 


46.53 


24.5471 


208.302 


240 


55-10 


45.82 


24.9935 


209.319 


I 


55-41 


45-" 


25.4495 


210.335 


2 


55-72 


44.40 


25.9150 


211.352 


3 


56.03 


43-69 


26.3852 


212.368 


4 


56.34 


42.98 


26.8603 


213.385 


5 


56.65 


42.27 


27.3451 


214.401 


6 


56.96 


41.56 


27.8350 


215.418 


7 


57-27 


40.85 


28.3300— 


216.434 


8x 


57.58 


940.14 


28.8390 


217. 461 


9 


57-88 


939.42 


29.348S 


218.470 
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AllF* 


H. 


L. 


P. 


h. 


250 


II58.18 


938.70 


29.8683 


219.489 


I 


58.48 


37.98 


30.3970 


220.508 


2 


58.78 


37.26 


.30.9310— 


221.527 


3 


59-08 


36.54 


31.4746 


222.546 


4 


59.38 


35-82 


32.0236 


223.565 


5 


59.68 


35.10 


32.5822 


224.585 


6 


59-98 


34.38 


33- 452 


225.604 


7 


60.28 


33.66 


33.7238 


226.623 


8 


60.58 


32.94 


34,3013 


227.642 


9 


60.88 


32.22 


34.8940- 


228.661 


260 


61.18 


31.50 


35.4920- 


229.680 


I 


61.48 


30.78 


36.0^94 


230.699 


2 


61.78 


930.06 


36.7113 


231.718 


3 


62.08 


929.34 


37.3388 


232.737 


4 


62.38 


28.62 


37.9710- 


233.756 


5 


62.68 


27.90 


38.6073+ 
39.2590+- 


234.776 


6x 


62.98 


27.18 


235.795 


7 


63.29 


26.47 


39-9153 


236.816 


8 


63.60 


25.76 


40.5863 


237.838 


9 


63.91 


25.05 


41 . 2630 


238.860 


270 


64.24 


24.34 


41.9490- 


239.882 


I 


64.55 


23.^)3 


42.6390- 


240.904 


2 


64.86 


22.92 


43.3451 


241.925 


3 


65.17 


22.21 


44-0596 


242.947 


4 


65.48 


21.50 


44-7796 


243.969 


5 


65.79 


20.79 


45.5145+ 


244.991 


6 


66.10 


920.08 ' 


46.2541 


246.013 


7 


66.41 


919.37 


47.0090- 


247.034 


8 


66.72 


18.66 


47.76^3 


248.056 


9 


67.03 


17.95 


. 48.5422+ 


249.078 


280 


67.31 


17.24 


49.3210- 


250.100 


I 


67.62 


16.53 


50.1153 


251.122 


2 


67.93 


15.82 


50.9132- 


252.143 


3 


68.24 


15. II 


51.7262— 


253.165 


4X 


68.56 


14.40 


52.5497 


254.187 


5 


68.86 


13.67 


53.3826 


255.212 


6 


69.16 


12.94 


54.2251- 


256.236 


7 


69.46 


12.21 


55.0820+ 


257.261 


8 


69.76 


11.48 


55.9448+ 


258.286 


9 


70.06 


10.75 


56.8212-- 


259.311 


290 


70.36 


910.02 


57.7085+ 


260.335 


I 


70.66 


909.29 


58.6098 


261.360 


2 


70.96 


08.56 


59.5165 


262.385 


3 


71.26 


07.83 


60.4366 


263.409 


4 


71.56 


07.10 


61.3677+ 


264.434 


5 


71.86 


06.37 


62.3132 


265.459 


6 


72.16 


05.64 


63 . 2674 


266.483 


7 


72.46 


04.91 


64.2332 


267.508 


8 


72.76 


04.18 


65.2124 


268.533 


9 


73.06 


03.45 


66.2028 


269.558 


300 


73-36 


02.72 


67 . 2063 


270.582 


I 


73.66 


01.99 


68.2213 


271.607 


2X 


73.960 


01.26 


69.2500 


272.632 
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AUF» 


H. 


L. 


P. 


h. 


303 


1174.27 


900.55 


70.2878 


273.660 


4 


74.58 


899.84 


71-3411 


274.687 


5 


74.89 


99.13 


72.4036 


275.715 


6 


75.20 


98.42 


73.2320 


276.743 


7 


75.51 


97.71 


74.5693 


277-771 


8 


75.82 


97.00 


75.6711 


278.799 


9 


76.13 


96.29 


76.7892 


279-827 


310 


76.44 


95.58 


77.9148 


280.855 


I 


76.75 


94.87 


79.0570- 


281.883 


2 


77.06 


94.16 


80.2121 


282.911 


3 


77.37 


93-45 


81.3842 


283.939 


4 


77.68 


92.74 


82.5639 


284.966 


5 


77.99 


92.03 


83.7607 


285.994 


6 


78.30 


91.32 


84.9690 


287.022 


7 


78.61 


890.61 


86.1946 


288.050 


8 


78.92 


889.90 


87.4300- 


289.078 


9 


79-23 


89.19 


88.6790— 


290.106 


320 X 


79-54 


88.48 


89.9477 


291.134 


I 


79.84 


87.74 


91.2263 


292.165 


2 


80.14 


87.00 


92.5188 


293.196 


3 


80.44 


86.26 


93.8275 


294.227 


4 


80.74 


85.52 


95.1503 


295.258 


5 


81.04 


84.78 


96.4873 


296.289 


6 


81.34 


84.64 


97.8431 


297.320 


7 


81.64 


83.30 


99.2110— 


298.351 


8 


81.94 


82.56 


100.5912 


299.383 


9 


82.24 


81.82 


101.9934 


300.414 


330 


82.54 


81.08 


103.4047 


301.445 


I 


82.84 


880.34 


104". 8335 


302.476 


2 


83.14 


879.60 


106.2794 


303.507 


3 


83.44 


78.86 


107.7383 


304-538 


4 


83.74 


78.12 


109.2144 


305.569 


5 


84.04 


77.38 


110.7032 


306.600 


6 


84.34 


76.64 


112. 2122 


307.631 


7 


84.64 


75.90 


113.7366 


308.662 


8x 


84.94 


75.160 


115,2790 


309-694 


9 


85.25 


74-466 


116.8342 


310. 72& 


340 


85.56 


73.768 


118.4050 


311.763 


I 


85.87 


73.070 


119.9969 


312.797 


2 


86.18 


72.372 


121.6020 


313.832 


3 


86.49 


71.674 


123.2253 


314.867 


4 


86.80 


70.976 


124.8648 


315.901 


5 


87. n 


870.278 


126.5200 


316.936 


6 


87.42 


869.580 


128.1980 


317.970 


7 


87.73 


68.882 


129.8910 


319.005 


8 


88.04 


68.184 


131. 6013 


320.040 


9 


88.35 


67.486 


133.3245 


321.074 


350 


88.66 


66.788 


135.0704 


322.109 


I 


88.97 


66.090 


136.8328 


323.143 


2 


89.28 


65.392 


138.6180 


324.178 


3 


89.59 


64.694 


140.4134 


325.213 


4 


1189.90 


63.996 


142.2328 


326.247 


5 


90.21 


63.298 


144.0660 


327.282 



44 PRATS STEAM TABLES AND ENGINE CONSTANTS. 

HEAT OF SIZPM,— Continued. 



AllFo 


H. 


L. 


P. 


h. 


356 X 


1190.52 


862.600 


145-9217 


328.316 


7 


90.82 


61.832 


147.7920 


329.355 


8 


91.12 


61.072 


149.6822 


330.393 


9 


91.42 


60.310 


151-5930 


331.431 


360 


91.72 


59-548 


153.5190 


332.469 


I 


92.02 


58.786 


155.4621 


333.507 


2 


92.32 


58.024 


157-4382 


334-545 


3 


92.62 


57.262 


159.4226 


335.583 


4 


92.92 


56.500 


161.4321 


336.621 


5 


93.22 


55.738 


163.4520 


337.659 


6 


93.52 


54.976 


165.4970 


338.697 


7 


93.82 


54.214 


167.5637 


339.736 


8 


94.12 


53.452 


169.6524 


340.774 


9 


94.42 


52.690 


171. 7510 


341.812 


370 


94.72 


51.928 


173.8762 


342.850 


I 


95.02 


51.166 


176.0233 


343-888 


3 


93.32 


50.404 • 


178.1900— 


344.926 


3 


95.62 


49.642 

43.880 


180.3808 


345.964 


4X 


95 92 


182.5828 


347.002 


5 


96.23 


48.150 


184.8120 


348.044 


6 


96.54 


47 420 


187.0638 


349.086 


7 


96.85 


46.690 


189.3347 


350.129 


8 


97.16 


45 960 


191.6283 


351.171 


9 


97-47 


45.230 


193.9367 


352.213 


380 


97.78 


44.500 


. 196.2773 


353.255 


I 


98.09 


43.770 


198.6324 


354-297 


2 


98.40 


43.040 


201.0164 


355-339 


3 


98.71 


42.310 


203.4089 


356.381 


4 


99.02 


41.580 


205 . 8400 


357 423 


5 


99.33 


40.850 


208 . 2764 


358.465 


6 


99.64 


40.120 


210.7415 


359-507 


7 


1199.95 


39.390 


213.2308 


360.550 


8 


1200.26 


38.660 


215.7446 


361 . 592 


9 


00.57 


37-930 


218.2800— 


362.634 


390 


00.88 


37 200 


220.8310 


363.6-76 


I 


01.19 


36.470 


223.4138 


364.718 


2X 


1201.50 


35.740 


226.0217 


365.760 


3 


01.80 


34.990 


228.6500— 


366.806 


4 


02.10 


34.240 


231.2970 


367.852 


5 


02.40 


33.490 


233.9646 


368.898 


6 


02.70 


32.740 


236.6628 


369.944 


7 


03.00 


31.990 


239.3812 


370.990 


8 


03.30 


31 . 240 


242.1308 


372.036 


9 


03.60 


30.490 


244.9007 


373-082 


400 


03.90 


29.740 


247.6910— 


374.128 


I 


04.20 


28.990 


250.5129 


375.174 


2 


04.50 


28.240 


253-3378 


376.220 


3 


04 80 


27.490 


256.2183 


377-266 


4 


05.10 


26.740 


259.1130 


378.312 


5 


05.40 


25.990 


262.0300— 


379 358 


6 


05.70 


25.240 


264.9659 


380.404 


7 


06.00 


24.490 


267.9353 


38 f. 450 


8 


06.30 


23.740 


270.9256 


382.496 
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AUF* 


H. 


L. 


P. 


h. 


409 


1206.60 


822.990 


273.9429 


383.542 


4IOX 


06.90 


22.240 


276.9810 


384.588 


I 


07.21 


21.500 


280.0529 


385.638 


a 


07.52 


20.760 


283.1456 


386.688 


3 


07.83 


820.020 


286.2662 


387.739 


4 


08.14 


819.280 


289.4143 


388.789 


5 


08.45 


18.540 


292.5837 


389.839 


6 


08.76 


17.800 


295 . 7808 


390.889 


7 


09.07 


17.600 


299.0060 


391.939 


8 


09.38 


16.320 


302 . 2526 


392.990 


9 


1209.69 


15.580 


305 -5344 


394040 


420 


1210.00 


14.840 


308.8374 


395 090 


I 


10.31 


14.100 


312.1692 


396.140 


2 


10.62 


13.360 


315.5298 


397.190 


3 


10.93 


12.620 


318.9188 


398.241 


4 


11.24 


11.880 


322.3300 


399.291 


5 


11.55 


II. 140 


325 7693 


400.341 


6 


11.86 


810.400 


329.2380 


401.391 


7 


12.17 


809.660 


332.7362 


402.441 


8x 


12.48 


08 . 920 


336.2600 


403.492 


9 


12.78 


08.170 


339.8130 


404.547 


430 


13.08 


07.420 


343.3919 


405.601 


I 


13 38 


06.670 


347.0005 


406.656 


2 


13.68 


05.920 


350.6470 


407.710 


3 


13.98 


05.170 




408.765 


4 


14.28 


04.420 




409.820 


5 


14.58 


03.670 




410.874 


6 


14.88 


02.920 




411.929 


7 


15.18 


02.170 




412.983 


8 


15.48 


01.420 




414.038 


9 


15.78 


800.670 




415093 


440 


16.08 


799.920 




416.147 


I 


16.38 


99.170 




417.202 


2 


16.68 


98.420 


„ 


418.256 


3 


16.98 


97.670 




419-3" 


4 


17.28 


96.920 




420.366 


5 


17.58 


96.170 




421.420 


6x 


1217.88 


795.420 




422.474 



NOTE. — The plus and minas signs in colamn P signify that the last figure is either sllghtlj above or below 
the exact fact, too small for any use except oompatation of constants. 
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PRAY^S STEAM TABLES AND ENGINE CONSTANTS, 



STEAM TABLE FOR EACH FAHRENHEIT DEGREE, 104 to 432. 



Temperature of 
the Steam F«. 


Inches of Mercury 
at Equator at 
32° F. and Sea 
Level. 




iii 


1°: 


Equivalent in lbs. 
per square inch 
at 45« Latitude, 
at Sea Level t. 
32* F. 


Log. of lbs. per 
square inch at 
45« latitude and 
Sea Uvel. 


104 


2.168 


0.33606 


2.1623 


0.33491 


I. 0621 


0.02615 


5 


2.233 


0.34889 


2.2271 


0.34774 


1.0939 


0.03898 


6 


2.300 


0.36173 


2.2939 


0.35058 


1. 1267+ 


0.05182 


7 


2.368 


0.37438 


2.3617 


0.37323 


I. 1600 


0.06447 


8 


2.439 


0.38721 


2.4326 


0.38606 


I.lq48 


0.07730 


9 


2. 511 


0.39985 


2.5044 


0.39870 


I . 2301 


0.08994 


no 


2.585 


0.41246 


2.5782 


0.4II37 


1.2665 


0.10261 


I 


2.661 


0.42504 


2.6539 


0.42389 


1.3035 


O.II513 


2 


2.739 


0.43759 


2.7318 


0.43644 


I. 3418 


0.12768 


3 


2.818 


0.44994 


2.8106 


0.44879 


1.3805 


0.14003 


4 


2.900 


0.46240 


2.8924 


0.46125 


1.4207 


0.15249 


5 


2.984 


0.47480 


2.9761 


0.47365 


I. 4618 


0.16489 


6 


3.070 


0.48714 


3.0619 


0.48599 


1 . 5040— 


0.17723 


7 


3-158 


0.49941 


3.1496 


0.49826 


1.5470 


0.18950 


8 


3.248 


0.5II62 


3.2395 


0.51047 


1. 59"+ 


O.20171 


9 


3-340 


0.52375 


3.3312 


0.52260 


1.6362 


0.21384 


I20 


3.435 


0.53593 


3.4260 


0.53478 


1.6828- 


0.22602 


I 


3.532 


0.54802 


3.5227 


0.54687 


1.7303-- 


O.2381I 


2 


3.631 


0.56003 


3.6215 


0.55888 


1.7788 


0.25012 


3 


3-733 


0.57206 


3.7232 


0.57091 


1.8287 


0.26215 


4 


3.837 


0.58399 


3.8268 


0.58284 


1.8797 


0.27408 


5 


3.944 


0.59594 


3.9336 


0.59479 


I. 9321 


0.28603 


6 


4.053 


0.60778 


4.0423 


0.60663 


1.9855 


0.29787 


7 


4.164 


0.6I95I 


4.1530 


0.61836 


2.0399 


0.30960 


8 


4.278 


0.63124 


4.2667 


0.63009 


2.0957 . 


0.32133 


9 


4-395 


0.64296 


4.3834 


0.64I8I 


2.1530+ 


0.33305 


130 


4.515 


0.65466 


4.5031 


0.65351 


2.2118 


0.34475 


I 


4.638 


0.66633 


4-6257 


0.66518 


2.2721 


0.35642 


2 


4.763 


0.67788 


4.7504 


0.67673 


2.3333 


0.36797 


3 


4.891 


0.68940 


4.8781 


0.68825 


2.3960 


0.37949 


4 


5.022 


0.70088 


5.0088 


0.69973 


2.4602 


0.39097 


5 


5.156 


0.7I23I 


5.1423 


0.7III6 


2.5258 


0.40240 


6 


5-293 


0.72370 


5.2790 


0.72255 


2.5929 


0.41379 


7 


5.434 


0.73512 


5.4196 


0.73397 


2.6620 


0.42521 


8 


5-577 


0.74640 


5.5623 


0.74525 


2.7321 


0.43649 


9 


5.724 


0.75770 


5.7089 


0.75655 


2.8041 


0.44779 


140 


5.874 


0.76893 


5.8584 


0.76778 


2.8775 


0.45902 


I 


6.027 


0.78010 


6.0111 


0.77895 


2-9525 


0.47019 


2 


6.183 


0.79120 


6.1667 


0.79005 


3.0289 


0.48129 


3 


6.343 


0.80229 


6.3262 


0.80:14 


3.1073 


0.49238 


4 


6.507 


0.81338 


6.4898 


0.81223 


3-1877 


0.50347 


5 


6.674 


0.82439 


6.6564 


0.82324 


3.2695 


0.51448 


6 


6.845 


0.83537 


6.8269 


0.83422 


3.3532 


0.52546 


7 


7.019 


0.84628 


7.0005 


0.84513 


3-4385 


0.53637 


8 


7.198 


0.85721 


7.1789 


0.85606 


3-5262 


0.54730 


9 


7.380 


0.86806 


7.3^-06 


0.86691 


3-6154 


0.55815 
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3 8 

II 


Inches of Mercury 
at Equator at 
32<> F. and Sea 
Level. 


la 


p. 


p 


Equivalent in lbs. 
per square inch 
at 45<^ I^atitude, 
at Sea Level t. 


Log. of Iba. per 
square inch at 
45* 1 atitude and 
Sea Level. 


150^ 


7.566 


0.87887 


7.5461 


0.87772 


3.7065 


0.56896 


I* 


7.756 


0.88964 


7.7356 


0.88849 


3.7996 


0.57973 


2 


7-949 


0.90031 


7.9280 


0.89916 


3.8940 


0.59040 


3 


8.147 


O.9IIOO 


8.1255 


0.90985 


3.99" 


0.60109 


4 


8.349 


0.92163 


8.3269 


0.92048 


4.0900 


O.61172 


5 


8.556 


0.93227 


8.5334 


0.93II2 


4.1914 


0.62236 


6 


8.767 


0.94285 


8.7438 


0.94170 


4.2948 


0.62294 


7 


8.982 


0.95337 


8.9582 


0.95222 


4.4001 


0.64346 


8 


9.201 


0.96384 


9.1768 


0.96269 


4.5074 


0.65393 


9 


• 9.425 


0.97428 


9.4001 


0.97313 


4.6171 


0.66437 


160 


9.654 


0.98471 


9.6286 


0.98356 


4.7293 


0.67480 


I 


9.887 


0.99506 


9.8608 


0.99391 


4.8434 


0.68515 


2 


10.125 


1.00540 


10.0983 


1.00425 


4.9601 


0.69549 


3 


10.368 


I. 01 570 


10.3408 


I. 01455 


5.0791 


0.70579 


4 


10.616 


1.02596 


10.5880 


I. 0248 I 


5.2006 


0.71605 


5 


I0.868 


I. 0361 5 


10.8400 


1.03500 


5.3240 


0.72624 


6 


II. 126 


1.04634 


11.0960 


I. 04519 


5.4504 


0.73643 


7 


11.389 


1.05649 


11.3*^90 


1.05534 


5.5793 


0.74658 


8 


11.657 


1.06659 


11.6263 


1.06544 


5.7106 


0.75668 


9 


11.930 


1.07664 


11.8982 


1.07549 


5-8443 


0.76673 


170 


12.209 


1.08668 


12.1768 


1.08553 


5.9810 


0.77677 


[ 


12.493 


1.09667 


12.4600 


1.09552 


6.I20I 


0.78676 


2 


12.783 


I. 10663 


12.7491 


I . 10548 


6.2622 


0.79672 


3 


13-078 


I.II654 


13.0434 


I. "539 


6.4067 


0.80663 


4 


13:379 


I. 12642 


13.3435 


I. 12527 


6.5541 


0.81651 


5 


13.686 


I. 13628 


13.6500 


1.13513 


6.7046 


0.82637 


6 


13.998 


I . 14607 


13.9610 


1.14492 


6.8574 


0.83616 


7 


14-317 


I. 15585 


14.2791 


1. 1 5470 


7.0136 


0.84594 


8 


14.642 


I. 16560 


14.6033 


I. 16445 


7.1728 


0.85569 


9 


14.973 


I.I753I 


14-9334 


1.17416 


7.3350 


0.86540 


180 


15.310 


I . 18498 


15.2700 


I. 18383 


7.5002 


0.87507 


I 


15.653 


I . 19460 


15.6120 


I. 19345 


7.6682 


0.88469 


2 


16.003 


I . 20420 


15.9606 


I . 20305 


7.8395 


0.89429 


3 


16.360 


I. 21378 


16.3166 


I. 21 263 


8.0144 


0.90387 


4 


16.723 


I. 22331 


16.6786 


I. 22216 


8.1922 


0.91340 


5 


17.093 


1.23282 


17.0480 


I. 23167 


8.3735+ 


0.92291 


6 


17.469 


1.24227 


17.4230 


1.24112 


8.5578 


0.93236 


7 


17.853 


I.2517I 


17.8059 


1.25056 


8.7459 


0.94180 


8 


18 243 


I. 261 10 


18.1950 


1-25995 


8.9370 


O.95119 


9 


18.641 


1.27047 


18.5919 


I . 26932 


9.I3I9 


0.96056 


190 


19.046 


I . 27980 


18.9954 


1.27865 


9.3302 


0.96989 


I 


19.458- 


1.28910 


19.4066 


1.28795 


9.5322. 


0.97919 


2 


19.878 


1.29837 


19.8253 


I . 29722 


9.7378 


0.98846 


3 


20.305 


1.30760 


20.2512 


1.30645 


9.9470 


0.99769 


4 


20.740 


I.31681 


20.6852 


I. 31 566 


10.1602 


1.00690 


5 


21.182 


1.32597 


21.1261 


I . 32482 


10.3770 


1. 01 606 


6 


21.632 


I. 33510 


21.5750 


1.33395 


10.5964 


I. 025 16 


7 


22.091 


1.34422 


22.0330 


1.34307 


10.8220 


I. 03431 


8 


22.557 


1.35328 


22.4973 


I. 35213 


11.0502 


1.04337 


9 


23.032 


I . 36233 


22.9710 


1.36118 


11.2830 


1.05242 
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II 


Inches of Mercury 
at Equator at 
ja" F. and Sea 
Level. 


I'd 




•S3 . 

•s.&l 
|8J 




Log. of lbs. per 
square inch at 
45" Latitude and 
Sea Level. 


200 


23.5IS 


I. 37135 


23.4530 


I . 37020 


11.5197 


1.06144 


I 


24.006 


I . 38032 


23.9425 


I. 37917 


11.7600 


1.07041 


2 


24.506 


1.38927 


24.4J10 


I. 38812 


12.0050 


1.07936 


3 


25.014 


I. 39818 


24 . 9400 


1.39703 


12.2540 


1.08827 


4 


25.532 


1.40708 


25.4642 


1.40593 


12.5075 


r. 09717 


5 


26.058 


I. 41594 


25.9890 


I. 41479 


12.7652 


1. 10603 


6 


26.593 


1.42477 


26.5228 


1.42362 


13.0275 


1. I i486 


7 


27.137 


1-43356 


27.C651 


I. 43241 


13.2940 


1.12365 


S 


27.691 . 


1.44234 


27.6180 


I.44II9 


13.5654 


I. 13243 


9 


28.254 


I. 45 108 


28.1790 


1.44993 


13.8410 


1.14117 


2IO 


28.826 


1.45978 


28.7494 


1.45863 


14.1210 


1.14987 


II 


29.408 


1.46847 


29.3305 


1.46732 


14.4066 


1.15856 


12 


30.000 


I. 47712 


29.9206 


1.47597 


14.69636 


I. 16721 


13 


30.600 


1.48572 


30.5190 


1.48457 


14.9903 


1.17581 


14 


31.210 


I. 49431 


31.1286 


I. 49316 


15.2900 


I. 18440 


15 


31.830 


I . 50284 


31.7460 


I . 50169 


15.5930 


I.ig293 


i6 


32.460 


1.51135 


32.3743 


I.5!020 


15.9015+ 


I. 20144 


17 


33. HO 


1.51996 


33.0225 


I.51881 


16.2200 


I. 21005 


I8 


33.760 


I . 52840 


33.6705 


1.52725 


16.5383 


I. 21 849 


19 


34.420 


I. 53681 


34.3290 


1.53566 


16.8616 


1.22690 


220 


35.090 


I. 54518 


34.9970 


1.54403 


17.1900- 


1.23527 


I 


35.780 


1.55364 


35.6853 


1.55249 


17.5280 


1.24373 


2 


36.470 


1.56194 


36.3740 


1.56079 


17.8660 


1.25203 


3 


37.180 


1.57031 


37.0820 


I . 56916 


18.2140- 


I . 26040 


4 


37.900 


1.57864 


37.8ocib 


1.57749 


18.5665 


1.26873 


5 


38.630 


I . 58692 


38.5270 


1.58577 


18.9240 


1.27701 


6 


39.370 


1.59517 


39.2663 


1.59402 


19.2867 


1.28526 


7 


40.120 


1.60336 


40.0140 


i.6o?2i 


19.6540 


1.29345 


8 


40.880 


1.61151 


40.7720 


I. 61036 


20.0262 


I. 30160 


9 


41.660 


I. 61972 


41.5500 


I. 61857 


20.4085 


I. 30981 


230 


42.450 


1.62788 


42.3380 


1.62673 


20.7955 


I. 31797 


I 


43.250 


1.63599 


43.1.360 


1.63484 


21.1875+ 


I . 32608 


2 


44.060 


1.64404 


43.9430 


1.64289 


21.5840 


I. 33413 


3 


44.890 


I. 65215 


44.7713 


1.65100 


21.9908 


1.34224 


4 


45.720 


1.66011 


47.5995 


1.65896 


22.3975 


1.35020 


5 


46.570 


1.66811 


46.4473 


1.66696 


22.8140 


1.35820 


6 


47.440 


1.676x4 


47.3140 


1.67499 


23.2397 


1.36623 


7 


48.310 


1.68404 


48.1830 


1.68289 


23.6663 


1.37413 


8 


49 . 200 


I. 69197 


49.0704 


1.69082 


24.1023 


1.38206 


9 


50.110 


1.69992 


49.9770 


1.69877 


24.5471 


1 . 39001 


240 


51.020 


1.70774 


50.8850 


1.70659 


24.9935 


1.39783 


I 


51.950 


r. 71559 


51.8132 


1.71444 


25.4495 


1.40568 


2 


52.900 


1.72346 


52.7610 


1.^2231 


25.9150 


1.41355 


3 


53.860 


1.73127 


53.7180 


I. 73012 


26.3852 


1.42136 


4 


54.830 


1.73902 


54.6852 


1.73787 


26.8603 


I 4291 I 


5 


55.820 


1.74679 


55.6724 


1.74564 


27.3451 


1.43688 


6 


56.820 


1-75450 


56.6700 


1.75335 


27.8350 


1.44459 


7 


57.830 


I. 76215 


57.6770 


I. 76100 


28.3300— 


1.45224 


8 


58.870 


1.76989 


58.7140 


1.76874 


28.8390 


1.45998 


9 


59.910 


1.777=0 


59.7520 


1.77635 


29.3488 


1.46759 
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Inches of Mercury 
at Equator at 
3a<» F. and Sea 
Level. 


It 






Equivalent in lbs. 
per square inch 
at 450 Latitude, 
at Sea Level t. 
aa** F. 


Log. of lbs. per 
square inch at 
45° Latitude and 
Sea LeveU 


250 


60.970 


I. 78512 


60.8094 


1.78397 


29.8683 


I. 47521 


I 


62.050 


1.79274 


6 r. 8860 


1. 79159 


30.3970 


1.48283 


2 


63.140 


1.80030 


62.9730 


1. 79915 


30.9310— 


1.49039 


3 


64.250 


1.80787 


64.0796 


I . 80672 


31.4746 


1.49796 


4 


65.370 


I. 81538 


65.1974 


I. 8 1423 


32.0236 


1.50547 


5 


66.510 


I . 82289 


66.3346 


I. 82174 


32.5822 


1. 51 298 


6 


67.660 


1.83033 


67.4810 


I. 8291 8 


33.1452 


I . 52042 


7 


68.840 


1.83784 


68.6580 


1.83669 


33.7238 


1.52793 


8 


70.020 


1.84522 


69.8345 


1.84407 


34.3013 


1-53531 


9 


71.230 


1.85266 


71.0412 


1.85151 


34.8940- 


1.54275 


260 


72.450 


1.86004 


72.2590 


1.85889 


35.4920— 


I. 55013 


I 


73.690 


I. 8674 I 


73.4954 


1.86626 


36.0994 


1.55750 


2 


74.940 


I. 87471 


74.7412 


1.87356 


36.7113 


I . 56480 


3 


76.220 


1.88207 


76.0186 


1.88092 


37.3388 


I. 57216 


4 


77.510 


1.88936 


77.3054 


I. 88821 


37.9710- 


1.57945 


5 


78.810 


1.89658 


78.6914 


1.89543 


38.60734- 
39.2590+ 


1.58667 


6 


80.140 


1.90385 


79.9290 


1.90270 


1.59394 


7 


81.480 


I.9IIO5 


81.2643 


1.90990 


39-9153 


1.601T4 


8 


82.850 


1.91829 


82.6304 


1.91714 


40.5863 


1.60838 


9 


84.230 


1.92547 


84.0079 


1.92432 


41.2630 


I. 61556 


270 


85.630 


1.93263 


85.4044 


1.93148 


41.9490- 


1.62272 


1 


87.040 


1.93972 


86.8IOI 


1.93857 


42.6390— 


I. 6298 I 


2 


88.480 


1.94685 


88.2470 


1.94570 


43.3451 


1.63694 


3 


89.940 


1.95395 


89.7016 


1.95280 


44.0596 


1.64404 


4 


91.410 


1.96099 


91.1675 


1.95984 


44.7796 


1.65108 


5 


92.910 


1.96806 


92.6638 


I. 96691 


45.5145+ 


I. 65815 


6 


94.420 


1.97506 


94.1695 


I. 97391 


46.2541 


I. 66515 


7 


95.960 


1.98209 


95.7062 


1.98094 


47.0090- 


I. 67218 


8 


97.510 


1.98905 


97.2523 


1.98790 


47.7683 


1.67914 


9 


99.090 


1.99603 


98.8280 


1.99488 


48.5422+ 


I. 6861 2 


280 


100.680 


2.00294 


100.4130 


2.00179 


49.3210- 


1.69303 


I 


102.30 


2.00988 


102.0305 


2.00873 


50.1153 


1.69997 


2 


103.93 


2.01674 


103.6550 


2.0I559 


50.9132- 


1.70683 


3 


105.59 


2.02362 


105.3101 


2.02247 


51.7262— 


I.71371 


4 


107.27 


2.03048 


106.9860 


2.02Q33 


52.5497 


1.72057 


5 


108.97 


2.03731 


108.6853 


2.03616 


53.3826 


1.72740 


6 


110.69 


2. 0441 I 


110.3976 


2.04296 


54.2251- 


1.73420 


7 


112.44 


2.05092 


112. 1425 


2.04977 


55.0S20-- 
55.9448-- 


I.74IOI 


8 


114.20 


2.05767 


113.9000 


2.05652 


1.74776 


9 


115.99 


2.06442 


115.6832 


2.06327 


56.8212 — 


I. 75461 


290 


117.80 


2.07II5 


117.4900 


2.07000 


57.7085+ 


1.76124 


I 


119.64 


2.07788 


119.3246 


2.07673 


58.6098 


1.76797 


2 


121.49 


2.08454 


121 1686 


2.08339 


59.5165 


1.77463 


3 


123.37 


2.O9I2I 


123.0438 


2.09006 


60.4366 


1.78130 


4 


125.27 


2.09785 


124.9400 


2.09670 


61.3677+ 


J. 78794 


5 


127.20 


2.10449 


126.8646 


2.10334 


62.3132 


1.79458 


6 


129.15 


2.IIIO9 


128.8072 


2.10994 


63.2674 


I. 801 18 


7 


131.12 


2.II767 


130.7740 


2.11652 


64.2332 


I . 80776 


8 


133.12 


2.12424 


132.7670 


2.12309 


65.2124 


I. 81433 


9 


135.14 


2.13078 


I34-78IO 


2.12963 


C)U . 202S 


I . S20S7 
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STEAM TABLE.—ConHnu^d. 



Temperature of 
the Steam F». 
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Inches of Mercury 
at Equator at 
3a" F. and Sea 
Level. 
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1*5 

fii' 


Equivalent in lbs. 
per square inch 
at 45« Latitude, 
at Sea Level t. 
3a» F. 


^1 


300 


137.19 


2.13732 


136.8296 


2.13617 


67 . 2063 


I. 8274 I 


I 


139.26 


2.14383 


138.8930 


2.14268 


68.2213 


1.83392 


3 


141.36 


2.15033 


140.9873 


2.14918 


69.2500 


1.84042 


3 


143.48 


2.15679 


143.1000 


2.15564 


70.2878 


1.84688 


4 


145.63 


2.16325 


145.2446 


2.16210 


71.34" 


1.85334 


5 


147.80 


2.16967 


147.4076 


2.16852 


72.4036 


1.85976 


6 


149.49 


2. I 7461 


149.0590 


2.17346 


73.2320 


1.86470 


7 


152.22 


2.18247 


151.8145 


2.18132 


74.5693 


1.87256 


8 


154.47 


2.18884 


154.0600 


2.18769 


75.6711 


1.87893 


9 


156.75 


2.19521 


156.3364 


2.19406 


76.7892 


I . 88530 


310 


159-05 


2.20153 


158.6280 


2.20038 


77.9148 


I. 89162 


I 


161.38 


2.20785 


160.9534 


2.20670 


79.0570- 


1.89794 


2 


163.74 


2.21415 


163.3052 


2.21300 


80.2121 


1.90424 


3 


166.13 


2.22045 


165.6915 


2.21930 


81.3842 


1.9*054 


4 


168.54 


2.22670 


168.0933 


2.22555 


82.5639 


1.91679 


5 


170.98 


2,23295 


170.5300 


2.23180 


83.7607 


1.92304 


6 


173.45 


2.23917 


172.9900 


2.23802 


84.9690 


1.92926 


7 


175.95 


2.24539 


175.4«50 


2.24424 


86.1946 


1.93548 


8 


178.47 


2.25157 


178.0t.00 


2.25042 


87.4300- 


1.94166 


9 


181.02 


2.25773 


180.5428 


2.25658 


88.6790- 


1.94782 


320 


183.61 


2.26390 


183.1261 


2.26275 


89.9477 


1.95399 


I 


186.22 


2.27003 


185.7300 


2.26888 


91.2263 


1.96012 


2 


188.86 


2.27614 


188.3^04 


2.27499 


92.5188 


1.96623 


3 


191-53 


2.28224 


191.0248 


2.28109 


93.8275 


1.97233 


4 


194.23 


2.28832 


193.7180 


2.28717 


95.1503 


1.97841 


5 


196.96 


2.29438 


196.4400 


2.29323 


96.4873 


1.98447 


6 


199.73 


2.30044 


199.2000 


2.29929 


97-8431 


1.99053 


7 


202.52 


2.30647 


201.9854 


2.30532 


99.2110— 


1.99656 


8 


205.34 


2.31247 


204.7953 


2.31132 


100.5912 


2.00256 


9 


208.20 


2.31848 


207.6500 


2.31733 


101.9934 


2.00857 


330 


211.08 


2.32445 


210.5233 


2.32330 


103.4047 


2.01454 


I 


214.00 


2.33041 


213.4323 


2.32926 


104.8335 


2.02050 


2 


216.95 


2.33636 


216.3765 


2.33521 


106.2794 


2.02645 


3 


219-93 


2.34228 


219.3462 


2.34113 


107.7383 


2.03237 


4 


222.94 


2.34819 


222.3514 


2.34704 


109.2144 


2.03828 


5 


225.98 


2.35407 


225.3825 


2.35292 


110.7032 


2.04416 


6 


229.06 


2.35995 


228.4547 


2.35880 


112.2122 


2.05004 


7 


232.17 


2.36581 


231.5582 


2.36466 


113.7366 


2.05590 


8 


235-32 


2.37166 


234.6983 


2.37051 


115.2790 


2.06175 


J9 


238.49 


2.37747 


237.8600 


2.37632 


116.8342 


2.06756 


340 


241.70 


2.38328 


241.0627 


2.38213 


118.4050 


2.07337 


I 


244.95 


2.38908 


244.3037 


2.38793 


119.9969 


2.07917 


2 


248 . 23 


2.39485 


247.5710 


2.39370 


121.6020 


2.08494 


3 


251.54 


2.40061 


250. 8765 


2.39946 


123.2253 


2.09070 


4 


254.89 


2.40635 


254.2142 


2.40520 


124.8648 


2.09644 


5 


258.27 


2.41207 


257.5842 


2.41092 


126.5200 


2.10216 


6 


261.69 


2.41779 


261.0000 


2.41664 


128.1980 


2.10788 


7 


265.15 


2.42349 


264.4500 


2.42234 


129.8910 


2.II358 


8 


268.64 


2.42917 


267.9300 


2.42802 


131.6013 


2.11926 


9 


272.16 


2.43482 


271.4376 


2.43367 


133.3245 


2.12491 
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Inches of Mercury 
at Equator at 
32» F. and Sea 
Level. 


p 


III 
1^^ 


15 

p 


Equivalent in lbs. 
per square inch 
at 45«> Latitude, 
at Sea Level t. 


Log. of lbs. per 
square inch at 
45** Latitude and 
S^ Uvel. 


350 


375.72 


2.44047 


274.9900 


2.43932 


135.0704 


2.13056 


I 


279.32 


2.44610 


278.5800 


2.44495 


136.8328 


2.I3619 


2 


282.0 


2.45173 


282.2150 


2.45058 


138.6180 


2.I4182 


3 


286.63 


2.45732 


285.8710 


2.45617 


140.4134 


2.I474I 


4 


290.34 


2.46291 


289.5742 


2.46176 


142.2328 


2.15300 


5 


294.08 


2.46847 


293.3054 


2.46732 


144.0660 


2.15856 


6 


297.87 


2.47403 


297.0845 


2.47288 


145.9217 


2.16412 


7 


301.69 


2.47956 


300.8916 


2.47841 


147.7920 


2.16965 


8 


305.55 


2.48508 


304.7404 


2.48393 


149.6822 


2.17517 


9 


30945 


2.49059 


308.6314 


2.48944 


151.5930 


2.18068 


360 


313.38 


2.49607 


312.5500 


2.49492 


153.5190 


2.18616 


I 


317.36 


2.50155 


316.5200 


2.50040 


155.4621 


2.19164 


2 


321.38 


2 . 50702 


320.5310 


2.50587 


157.4382 


2.I971I 


3 


325.43 


2.51246 


324.5710 


2.5II31 


159.4226 


2.20255 


4 


329.53 


2.51790 


328.6624 


2.51675 


161. 4321 


2.20799 


5 


333.66 


2.52330 


332.7745 


2.52215 


163.4520 


2.21339 


6 


• 337.83 


2.52870 


336.9381 


2.52755 


165.4970 


2.21879 


7 


342.05 


2.53409 


341.1458 


2.53294 


167.5637 


2.22418 


8 


346.31 


2.53947 


345.3981 


2.53832 


169.6524 


2.22956 


9 


350.60 


2.54481 


349.6714 


2.54366 


171. 7510 


2.23490 


370 


354.94 


2.55015 


353.9975 


2.54900 


173.8762 


2.24024 


I 


359.32 


2.55548 


358.3700 


2.55433 


176.0233 


2.24557 


2 


363.74 


2.56079 


362.7773 


2.55964 


178.1900— 


2.25088 


3 


368.21 


2.56610 


367.2400 


2.56495 


180.3808 


2.25619 


4 


372.71 


2.57137 


371.7235 


2.57022 


182.5828 


2.26T46 


5 


377.26 


2.57664 


376.2618 


2.57549 


184.8120 


2.26t)73 


6 


381.86 


2.58190 


380.8465 


2.58075 


187.0638 


2.27199 


7 


386.49 


2.587x4 


385.4700 


2.58599 


189 3347 


2.27*^23 


8 


391-17 


2.59237 


390.1400 


2.59122 


191.6283 


2.28246 


9 


395.89 


2.59757 


394.8400 


2.59642 


193.9367 


2.28766 


380 


400.66 


2.60278 


399.6000 


2.60163 


196.2773 


2.29287 


I 


405.47 


2.60796 


404.4000 


2.60681 


198.6324 


2.29805 


2 


410.32 


2.61312 


409.2324 


2.61197 


201.0164 


2.30321 


3 


415.22 


2.61828 


414.1230 


2.61713 


203.4089 


2.30837 


4 


420.17 


2.62344 


419.0735 


2.62229 


205 . 8400 


2.31353 


5 


425.16 


2.62855 


424.0330 


2.62740 


208 . 2764 


2.31864 


6 


430.19 


2.63366 


429.0520 


2.63251 


210.7415 


2.32375 


7 


435.27 


2.63876 


434.1200 


2.63761 


213.2308 


2.32885 


8 


440.40 


2.64385 


439.2371 


2.64270 


215.7446 


2.33394 


9 


445-57 


2.64892 


444.3958 


2.64777 


218.2800— 


2.33901 


390 


450.79 


2.65397 


449-5933 


2.65282 


220.8310 


2.34406 


I 


456.06 


2.65902 


454.8520 


2.65787 


223.4138 


2.3491 1 


2 


461.38 


2 . 66406 


460.1612 


2.66291 


226.0217 


2.35415 


3 


466.74 


2.66908 


465.5110 


2.66793 


228.6500— 


2.35917 


4 


472.15 


2.67408 


470.9010 


2.67293 


231.2970 


2.36417 


5 


477.60 


2.67906 


476.3320 


2.67791 


233.9646 


2.36915 


6 


483.11 


2.68404 


481.8250 


2.68289 


236.6628 


2.37413 


7 


488.66 


2.68900 


487.3600 


2.68785 


239.3812 


2.37909 


8 


494 27 


2.69396 


492.9580 


2.69281 


242.1308 


2.38405 


9 


499.92 


2.69S90 


498-5973 


2.69775 


244.9007 


2.38899 
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11. 


Inches of Mercury 
at Equator at 
37<> F. and Sea 
Level. 


1^ 

11 

lis =» 




13 


tip 


Log. of lbs. per 
square inch at 
45** Latitude and 
Sea Level. 


400 


505.62 


2.70382 


504.2771 


2.70267 


247.6910— 


2.39391 


I 


511.37 


2.70874 


510.0231 


2.70759 


250.5129 


2.39883 


2 


517.17 


2.71363 


515.7747 


2.71246 


253-3378 


2.40370 


3 


523.02 


2.71852 


521.6400 


2.71737 


256.2183 


2.40861 


4 


528.93 


2.72340 


527.5332 


2.72225 


259II30 


2.41349 


5 


534.88 


2.72826 


533.4700 


2.72711 


262.0300— 


2.41835 


6 


540.88 


2.733»o 


539.4485 


2.73195 


264.9659 


2.42319 


7 


546.94 


2.73794 


545.4940 


2.73679 


267.9353 


2.42803 


8 


553.04 


2.74276 


551.5820 


2.74161 


270.9256 


2.43285 


9 


559.20 


2.74757 


557.7248 


2.74642 


273.9429 


2.43766 


410 


565.41 


2.75236 


563.9100 


2.75T2I 


276.9810 


2.44245 


I 


571.67 


2.75715 


570.1700 


2.75600 


280.0529 


2.44724 


2 


577.99 


2.761Q2 


576.4610 


2.76077 


283.1456 


2.45201 


3 


584.36 


2.76668 


582.8163 


2.76553 


286.2662 


2.45677 


4 


590.78 


2.77143 


589.2235 


2.77028 


289.4143 


2.46152 


5 


597.25 


2.77616 


595.6760 


2.77501 


292.5837 


2.46625 


6 


603.78 


2.78088 


602.1851 


2.77973 


295 . 7808 


2.47097 


7 


610.36 


2.78559 


608.7517 


2.78444 


299.0060 


2.47568 


8 


617.00 


2.79029 


615.3751 


2.78914 


302.2526 


2.4S038 


9 


623.69 


2.79497 


622.0425 


2.79382 


305.5344 


2.48506 


420 


630.44 


2.79964 


628 . 7674 


2.79849 


308.8374 


2.48973 


I 


637.24 


2.80430 


635.5505 


2.80315 


312.1692 


2-49439 


2 


644.09 


2.80895 


642 . 3920 


2.80780 


315.5298 


2.49904 


3 


651.01 


2.81359 


649.2^20 


2.81244 


318.9188 


2.50368 


4 


657.97 


2.81821 


656.2360 


2.81706 


322 . 3300 


2.50830 


5 


665.00 


2.82282 


663 . 2390 


2.82167 


325.7693 


2.51291 


6 


672.08 


2.82742 


670.3010 


2.82627 


329.2380 


2.51751 


• 7 


679.22 


2.83201 


677.4230 


2.83086 


332.7362 


2.52210 


8 


686.41 


2.83658 


684.5900 


2.B3543 


336.2600 


2.52667 


429 


693.66 


2.84115 


691.8310 


2 . 84000 


339.8130 


2.53124 


430 


700.97 


2.84570 


699.1200 


2.84455 


343.3919 


2.53579 


I 


708.34 


2.85024 


706 . 4640 


2.84909 


347.0005 


2.54033 


2 


715.76 


2.85478 


713.8880 


2.85363 


350.6470 


2.54487 
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No. 


Loge, 


No. 


Loge. 


No. 


Lege, 


No. 


Log*. 


1. 00 


0.00000 


1.54 


0.43178 


2.08 


0.73237 


2.61 


0.95935 


I.OI 


0.00995 


.55 


0.43826 


•09 


0.73716 


.62 


0.96317 


.02 


0.01980 


.56 


0.44469 






.63 


0.96698 


•03 


0.02956 


.57 


0.45108 


2.10 


0.74194 


.64 


0.97078 


.04 


0.03922 


.58 


0.45743 


.11 


0.74669 


•65 


0.97456 


.05 


0.04879 


.59 


0.46373 


.12 


0.75142 


.66 


0.97833 


.06 


0.05827 






.13 


0.75612 1 


•67 


0.98208 


.07 


0.06766 


1.60 


0.47000 


•14 


0.76081 


.68 


0.98582 


.08 


0.07696 


.61 


0.47623 


•15 


0.76547 


.69 


0.98954 


.09 


0.08618 


.62 


0.48243 


.16 


0.77011 










•63 


0.48858 


.17 


o- 77473 


2.70 


0.99325 


1. 10 


0.09531 


.64 


0.49470 


.18 


0.77933 


.71 


0.99695 


.11 


0. 10436 


.65 


0.50078 


.19 


0.78390 


.72 


1.00063 


.12 


O.II333 


.66 


0.50682 






•73 


1.00430 


.13 


0.12222 


.67 


0.51282 


2.20 


0.78846 


•74 


X .C0796 


.14 


O.I3103 


.68 


0.51879 


.21 


0.79299 


•75 


I.OII60 


.15 


0.13976 


.69 


0.52473 


.22 


0.79751 


•76 


I. 01523 


.16 


0. 14842 






.23 


0.80200 


•77 


I. 01885 


.17 


0.15700 


1.70 


0.53063 


.24 


0.80648 


.78 


1.02445 


.18 


O.16551 


.71 


0.53649 


•25 


0.81093 


•79 


1.02604 


.19 


0.17395 


.72 


0.54232 


.26 


0.81536 










.73 


0.54812 


•27 


0.81978 


2.80 


1.02962 


1.20 


0.18232 


.74 


0.55389 


.28 


0.82418 


.81 


1.03318 


.21 


0.19 62 


•75 


0.55962 


.29 


0.82855 


.82 


1.03674 


.22 


0.19885 


. .76 


0.56531 






•83 


1.04028 


.23 


0.20701 


.77 


0.57098 


2.30 


83291 


.84 


1.04380 


.24 


O.21511 


.78 


0.57661 


.31 


0.83725 


•85 


1.04732 


.25 


0.22314 


.79 


0.58222 


.32 


0.84157 


.86 


1.05082 


.26 


O.23111 






.33 


0.84587 


.87 


1.05431 


.27 


0.23902 


1.80 


0.58779 


.34 


0.85015 


.88 


1.05779 


.28 


0.24686 


.81 


0.59333 


•.-5 


0.85442 


.89 


1.06126 


.29 


0.25464 


.82 


0.59884 


•36 


0.85866 










.83 


0.60432 


•37 


0.86289 


2.90 


I. 0647 I 


1.30 


0.26236 


.84 


0.60Q77 


.38 


0.S6710 


.91 


1.06815 


.31 


0.27003 


..85 


0.61519 


•39 


0.87129 


•92 


I. 07158 


.32 


0.27763 


.86 


0.62058 






•93 


1.07500 


.33 


0.28518 


.87 


0.62594 


2.40 


0.87547 


•94 


I. 07841 


•34 


0.29267 


.88 


0.63127 


.41 


0.87963 


•95 


I.08I8I 


.35 


0.30010 


.89 


0.63658 


•42 


0.88377 


.96 


I. 08519 


.36 


0.30748 






•43 


0.88789 


•97 


I 08856 


•37 


O.31481 


1.90 


0.64185 


.44 


0.89200 


.98 


1.09192 


.38 


0.32208 


.91 


0.64710 


•45 


. 89609 


•99 


1.09527 


.39 


0.32930 


.92 


0.65233 


.46 


0.900x6 










•93 


0.65752 


•47 


0.90422 


3.00 


I. 09861 


1.40 


0.33647 


•94 


0.66269 


.48 


0.90826 


.01 


I.IOI94 


.41 


0.34359 


.95 


0.667S3 


.49 


0.91228 


.02 


I. 10526 


.42 


0.35066 


.96 


0.67294 






•03 


I. 10856 


•43 


0.35767 


.97 


0.67803 


2.50 


0.91629 


.04 


I.II186 


.44 


0.36464 


.98 


0.68310 


.51 


0.92028 


.05 


I.II514 


.45 


0.37156 


•99 


0.68813 


.52 


0.92426 


.06 


1.1X8^2 


.46 


0.37844 






.53 


0.92822 


•07 


I.I2I68 


•47 


0.38526 


2.00 


0.69315 


.54 


0.93216 


.08 


I. 12493 


.48 


0.39204 


.01 


0.69813 


•55 


0.93609 


.09 


1.12817 


.49 


0.39878 


.02 


0.70310 


.56 


0.94001 










.03 


. 70804 


•57 


0.94391 


3.10 


I.I3I40 


1.50 


0.40547 


.04 


0.71295 


.58 


0.94779 


.11 


1.13462 


•51 


0.4x211 


.05 


0.71784 


•59 


0.95166 


.12 


1.13783 


.52 


O.4187I 


.06 


0.72271 






•13 


I. I 4103 


.53 


0.42527 


.07 


0.72755 


2.60 


0.95551 


.14 


I. 14422 
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No. 


Logc, 


No. 


Log*, 


No. 


Logc. 


No. 


Log«. 


3.15 


I. 14740 


3.69 


1.30563 


4.2a 


I.439M 


4.76 


1.56025 


.16 


1.15057 






.23 


1.44220 


•77 


1.56235 


.17 


I. 15373 


3.70 


1.30833 


.24 


1.44456 


.78 


1.56444 


.18 


1.15688 


.71 


I. 31 103 


.25 


1.44692^ 


•79 


1^56653 


.19 


I. 16002 


.72 


I. 31372 


.26 


1.44927 










.73 


I 31641 


.27 


I. 45161 


4.80 


1.56862 


3.20 


I.16315 


.74 


I. 31909 


.28 


1^45395 


.81 


1.57070 


.21 


I. 16627 


.75 


I. 32176 


.29 


1.45629 


.82 


i^57277 


.22 


1.16938 


.76 


I . 32442 






•83 


1^57485 


.23 


I. 17248 


.77 


I . 32708 


4.30 


1.45862 


.84 


1.57691 


.24 


I. 17557 


.78 


1.32972 


.31 


1.46094 


.85 


1.57898 


• .25 


I. 17866 


.79 


1.33237 • 


.32 


1.46326 


.86 


1.58104 


.26 


1.18173 






.33 


1.46557 


.87 


1^ 58309 


.27 


I. 18479 


3.80 


1.33500 


•34 


1.46787 


.88 


1.58515 


.28 


I. 18784 


.81 


1.33763 


•35 


1.47018 


.89 


I. 58719 


.29 


1.19089 


.82 


I •3*025 


.36 


1.47247 










.83 


1.34286 


•37 


1.47476 


4.90 


1.58924 


3.30 


1 . 19392 


.84 


1.34547 


.38 


1.47705 


.91 


1.59127 


.31 


I. 19695 


•85 


1.34807 


•39 


1.47933 


.92 


1.593J1 


.32 


1.19996 


.86 


1.35067 






•93 


1.59534 


.33 


1.20297 


.87 


1.35325 


4.40 


I. 48160 


.94 


1.59737 


•34 


1.20597 


.88 


1.35584 


.41 


1.48387 


•95 


1-59939 


.35 


1.20896 


.89 


I. 35841 


.42 


1.48614 


.96 


1.60141 


.36 


I. 21194 






.43 


1.48840 


•97 


1.60342 


•37 


I.2149I 


3.90 


1.36098 


•44 


1.49065 


.98 


1.60543 


.38 


1.21788 


.91 


1.36354 


.45 


1.49290 


•99 


1.60744 


.39 


I . 22083 


•92 


1.36609 


.46 


1.49515 










•93 


1.36864 


•47 


1.49739 


5.00 


1.60944 


3-40 


1.22378 


•94 


I. 37118 


.48 


1.49962 


.01 


I. 61 144 


.41 


I. 22671 


.95 


1.37372 


•49 


1.50185 


.02 


1.61343 


.42 


I . 22964 


.96 


1.37624 






.03 


I. 61542 


• .43 


1.23256 


•97 


1.37877 


4.50 


1.50408 


•04 


I. 61741 


.44 


1.23547 


.98 


I. 38128 


• bi 


1.50630 


.05 


1.61939 


.45 


1.23837 


•99 


1.38379 


.52 


I. 50851 


.06 


I. 62137 


.46 


I. 24127 






.53 


I. 51072 


.07 


1.62334 


.47 


I. 2441 5 


4.00 


1.38629 


.54 


1.51293 


.08 


I. 62531 


.48 


1.24703 


.01 


1.38879 


.55 


1.51513 


.09 


1.62728 


.4Q 


1.24990 


.02 


1.39128 


•56 


1.51732 










.03 


1.39377 


.57 


1.51951 


5.10 


1.62924 


3.50 


1.25276 


.04 


1.39624 


.58 


1.52170 


.11 


I. 63 120 


.51 


1.25562 


•05 


1.39872 


.59 


1.52388 


.12 


1.63315 


.52 


1.25846 


.06 


1.40118 






.13 


1.63511 


.53 


I. 261 30 


.07 


1.40364 


4.60 


1.52606 


.14 


1.63705 


.54 


I. 26413 


.08 


I. 406 10 


.61 


1.52823 


.15 


1.63900 


.55 


1.26695 


.09 


1.40855 


.62 


1.53039 


.16 


1.64094 


.56 


I . 26976 






.63 


1.53256 


^17 


1.64287 


.57 


1.27257 


4.10 


I. 41099 


.64 


1.53471 


.18 


I. 6448 I 


.58 


1.27536 


.11 


i.4»342 


.65 


1.536S7 


.19 


1.64673 


•59 


1.27815 


.12 


I. 41585 


.66 


1.53902 










.13 


I. 41828 


• 67 


1.54116 


5.20 


1.64866 


3.60 


1.28093 


.14 • 


1.42070 


.68 


1.54330 


.21 


1.65058 


.61 


I. 28371 


.15 


1.42311 


.69 


1.54543 


.22 


1.65250 


.62 


1.28647 


.16 


1.42552 






•23 


I. 65441 


.63 


1.28923 


.17 


1.42792 


4.70 


1.54756 


•24 


1.65632 


.64 


1.2919S 


.18 


1.43031 


•71 


1.54969 


•25 


1.65823 


.65 


1.29473 


.19 


1.43270 


•72 


1.55181 


.26 


I. 66013 


.66 


1.29746 






.73 


1.55393 


•27 


I . 66203 


•67 


1.30019 


4.20 


1.43508 


•74 


1.55604 


.28 


1.66393 


.68 


I. 30291 


.21 


1.43446 


.75 


I. 55814 


.29 


1.66582 
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No. 


Log*. 


No. 


Log*, 


No. 


Log*, 


No. 


Loge, 


5.30 


I.66771 


5.84 


1.76473 


6.38 


I. 85317 


6.91 


1.93297 


.31 


1.66959 


•85 


1.76644 


•39 


1.85473 


.92 


1.93442 


.32 


1.67147 


.86 


I. 76815 






•93 


1.93586 


•33 


1.67335 


•87 


1.76985 


6.40 


1.85630 


•94 


1.93730 


•34 


1.67523 


.88 


I. 77156 


.41 


1.85786 


•95 


1.93874 


.35 


I. 67710 


.89 


1.77326 


•42 


1.85942 


.96 


I. 94018 


.36 


1.67896 






.43 


I . 86097 


•97 


1.94162 


.37 


1.68083 


5.90 


I • 77495 


.44 


1.86253 


•98 


1.94305 


.38 


1.68269 


.91 


1.77665 


•45 


I . 86408 


•99 


1.94448 


.39 


1.68455 


.92 


1.77834 


.46 


1.86563 










.93 


1.78002 


.47 


1.86718 


7.00 


I. 94591 


5 -40 


^ 68640 


•94 


1.78174 


.48 


1.86872 


.01 


1.94734 


.41 


1.68825 


•95 


1.78339 


•49 


1.87026 


.02 


1.94876 


.42 


I. 69010 


.96 


1.78507 






.03 


I. 95019 


•43 


I. 69194 


.97 


1.78675 


6.50 


I. 87180 


.04 


I. 95161 


.44 


1.69378 


.98 


1.78842 


•51 


1.87334 


.05 


I 95303 


•45 


1.69562 


•99 


1.79009 


.52 


1.87487 


.06 


1^95445 


.46 


1.69745 






.53 


1.87641 


.07 


1.95586 


.47 


1.69928 


6.00 


I. 79176 


.54 


1.87794 


.08 


1.95727 


.48 


I. 701 II 


.01 


1.7934a 


•55 


1.87947 


.09 


1.95869 


•49 


1.70293 


.02 


1.79509 


.56 


1.88099 










.03 


1.79675 


•57 


I. 88251 


7.10 


1.96009 


5.50 


1.70475 


.<H 


1.79840 


•58 


1.88403 


.11 


I. 96150 


.51 


1.70656 


•05 


1.80006 


•59 


1.88555 


.12 


I. 96291 


.52 


1.70838 


.06 


1.80171 






.13 


1.96431 


.53 


I.71019 


.07 


1.80336 


6.60 


1.88707 


.14 


I. 96571 


.54 


I. 71 199 


.08 


I . 80500 


.61 


1.88858 


•15 


1.96711 


.55 


I. 71380 


.09- 


1.80665 


.62 


I. 89010 


.16 


I. 96851 


.56 


1.7x560 






•63 


1.89160 


•17 


I. 96991 


.57 


I. 71740 


6.10 


1.80829 


.64 


I.89311 


.18 


1.97130 


.58 


1-71919 


.11 


1.80993 


.65 


I . 89462 


.19 


1.97269 


.59 


1.72098 


.12 


1.81156 


.66 


I. 89612 










.f3 


1.81319 


.67 


1.89762 


7.20 


1.97408 


5.60 


1.72277 


.14 


1.S1482 


.68 


1.89912 


.21 


1.97547 


.61 


I 72455 


.15 


I. 81645 


.69 


I. 90061 


.22 


1.97686 


.62 


1.72633 


.16 


I. 81808 






•23 


1.97824 


.63 


I. 7281 I 


•17 


1.81970 


6.70 


I. 90211 


.24 


1.97962 


.64 


1.72988 


.18 


I. 82132 


.71 


1.90360 


•25 


I. 98 100 


.65 


I. 73166 


.19 


1.82294 


.72 


1.90509 


.26 


1.98238 
1.98356 


.66 


I • 73342 






.73 


1.90658 


•27 


.67 


I • 73519 


6.20 


1.82455 


•74 


1.90806 


.28 


. 1.98513 


.68 


1.73695 


.21 


1.82616 


.75 


1.90954 


.29 


1.98650 


.69 


I. 73871 


.22 


1.82777 


.76 


I.91102 










.23 


1.82933 


.77 


I. 91250 


7.30 


1.98787 


5.70 


1.74047 


.24 


1.83098 


.78 


I. 91398 


.31 


1.98924 


•71 


1.74222 


•25 


1.83258 


.79 


1.91545 


.32 


1.99061 


.72 


1-74397 


.26 


.1.83418 






.33 


I. 99198 


•73 


1.74572 


.27 


1.83578 


6.80 


I. 91692 


.34 


1.9Q334 


.74 


1.74746 


.28 


1.83737 


.81 


I. 91839 


•35 


1.99470 


.75 


1.74920 


.29 


1.83896 


.82 


I. 91986 


•36 


1.99606 


.76 


1.75094 






.83 


I. 92132 


.37 


1.99742 


•77 


1-75267 


6.30 


1.84055 


.84 


1.92279 


.38 


1.99877 


•78 


1.75440 


.31 


I. 84214 


.85 


1.92425 


•39 


2.00013 


•79 


I. 75613 


.32 


1.84372 


.86 


1.92571 










.33 


1.84530 


.87 


I. 92716 


7.40 


2.00148 


5.80 


1.75786 


.34 


1.84688 


.88 


1.92862 


•41 


2.00283 


.81 


1.75958 


.35 


1.84845 


.89 


1.93007 


.42 


2.00418 


.82 


I. 761 30 


.36 


1.85003 






.43 


2.00553 


.83 


1.76302 


•37 


I. 85160 


6.90 


1.93152 


.44 


2.00687 
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No. 


^. 


No. 


Loge, 


No. 


Log., 


No. 


Loge. 


7.45 


2.00821 


799 


2.07819 


8.52 


2.14242 


9.06 


2 . 20387 


.46 


2.00956 






•53 


2.14359 


.07 


2.20497 


•47 


2.01090 


8.00 


2.07944 


•54 


2.14476 


.08 


2.20607 


.48 


2.01223 


.01 


2.08069 


.55 


2.14593 


.09 


2.20718 


.49 


2.01357 


.02 


2.08194 


•56 


2.14710 










.03 


2.08318 


•57 


2.14827 


9.10 


2.20827 


7.50 


2.01490 


.04 


2.08443 


• 58 


2.14943 


.11 


2.20937 


.51 


2.01624 


.05 


2.08567 


•59 


2 . 1 5060 


.12 


2.21047 


.52 


.2.01757 


.06 


2.08691 






•13 


2.21157 


•53 


2.01890 


•07 


2.08815 


8.60 


2.I5176 


.14 


2.21266 


.54 


2.02022 


.08 


2.08939 


.61 


2.15292 


.15 


2.21375 


.55 


2.02155 


.09 


2.09063 


.62 


2.15409 


.16 


2.21585 


.56 


2.02287 






.63 


2.15524 


.17 


2.21694 


.57 


2.02419 


8.10 


2.09186 


.64 


2.15640 


.18 


2.21703 


.58 


2.02551 


.11 


2.09310 


•65 


2.15756 


.19 


2.'2l8l2 


•59 


2.02683 


.12 


2.09433 


.66 


2.I587I 










.13 


2.09556 


•67 


2.15987 


9.20 


2.21920 


7.60 


2.02815 


.14 


2.09679 


.68 


2.16102 


.21 


2.22029 


.61 


2.02946 


.15 


2.09802 


.69 


2.16217 


.22 


2.22138 


.62 


2.03078 


.16 


2.09924 






.23 


2.22246 


.63 


2.03209 


.17 


2.10047 


8.70 


2.16332 


.24 


2.22354 


.64 


2.03340 


.18 


2.IOI69 


•71 


2.16447 


.2S 


2 . 22462 


.65 


2.03471 


.19 


2.IO29I 


.72 


2.16562 


.26 


2.22570 


.66 


2.03601 






•73 


2.16677 


•27 


2.22678 


.67 


2.03732 


8.20 


2.10413 


.74 


2.1679I 


.28 


2.22786 


.68 


2.03862 


.21 


2.10535 


•75 


2.16905 


.29 


2.22894 


.69 


2.03992 


.22 


2.10657 


.76 


2.17020 










•23 


2.10779 


.77 


2.17134 


9.30 


2.23001 


7.70 


2.04122 


.24 


2.10900 


•78 


2.17248 


.31 


2.23109 


.71 


2.04252 


.25 


2.II02I 


.79 


2.17361 


•32 


2.23216 


.72 


2.04381 


.26 


2.III42 






•33 


2.23324 


•73 


2.0451 I 


•27 


2.11263 


8.80 


2.17475 


•34 


2.23431 


.74 


2 . 04640 


.28 


2. I 1384 


.81 


2.17589 


•35 


2.23538 


.75 


2.04769 


.29 


2.11505 


.82 


2.17702 


• 36 


2.23645 


.76 


2.04898 






.83 


2.17816 


•37 


2.23751 


.77 


2.05027 


8.30 


2. I 1626 


.84 


2.17929 


.38 


2.23858 


.78 


2.05156 


.31 


2. 1 1 746 


.85 


2.18042 


•39 


2.23965 


•79 


2.05284 


•32 


2.II866 


.86 


2.18155 










.33 


2. I 1986 


•87 


2.18267 


9.40 


2.24071 


7.80 


2.05412 


.34 


2.I2I06 


.88 


2.18380 


.41 


2.24177 


.81 


2.05541 


•35 


2.12226 


.89 


2.18493 


.42 


2.24284 


.82 


2.05668 


.36 


2.1234b 






.43 


2.24390 


•83 


2.05796 


.37 


2.12465 


8.90 


2.18605 


•44 


2.24596 


.84 


2.05924 


.38 


2.12585 


.91 


2.18717 


•45 


2 . 24601 


.85 


2.06051 


•39 


2.12704 


•92 


2.18830 


.46 


2.24707 


.86 


2.06179 






•93 


2.18942 


•47 


2.24813 


.87 


2.06306 


8.40 


2.12823 


•94 


2.19054 


.48 


2.24918 


.88 


2.06433 


.41 


2.12942 


•95 


2.19165 


.49 


2.25024 


.89 


2.06560 


•42 


2.I306I 


.96 


2.IQ277 










•43 


2.I3180 


•97 


2.19389 


9.50 


2.25129 


7.90 


2.06686 


•44 


2.13298 


•98 


2.19500 


.51 


2.25234 


.91 


2.06813 


.45 


2.I3417 


•99 


2.19611 


•52 


2.25340 


.92 


2.06939 


.46 


2.13535 






•53 


2.25444 


•93 


2.07065 


.47 


2.13653 


9.00 


2.19722 


•54 


2.25549 


•94 


2.07191 


.48 


2.13771 


01 


c. 19834 


.55 


2.25654 


.95 


2.07317 


.49 


2.13889 


•02 


2.19944 


.56 


2.25759 


.96 


2.07443 






.03 


2.20055 


.57 


2.25863 


•97 


2.07568 


8.50 


2.14007 


.04 


2.21066 


.58 


2.25968 


.98 


2.07694 


• 51 


2.I4I24 


.05 


2.20276 


•59 


2 . 26072 
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No. 


Log-. 


No. 


Logt, 


No. 


Log«, 


No. 


Log., 


9.60 


2.26176 


10.14 


2.31649 


10.68 


2.36837 


II. 21 


2.41681 


.61 


2 . 26280 


.13 


2.31747 


.69 


2.36931 


.22 


2.41770 


.62 


2.26384 


.16 


2.31846 






.23 


2.41859 


.63 


2.26488 


.17 


2.31944 


10.70 


2.37024 


.24 


2.41948 


.64 


2.26592 


.18 


2.32043 


.71 


2.37118 


.25 


2.42037 


.65 


2.26696 


.19 


2.32141 


.72 


2.37211 


.26 


2.42126 


.66 


2.26799 






.73 


2.37304 


.27 


2.42214 


.67 


2 . 26903 


10. 20 


2.32239 


•74 


2.37398 


.28 


2.42303 


.68 


2.27006 


.21 


2.32337 


.75 


2.37491 


.29 


2.42392 


.69 


. 2.27109 


.22 


2.32435 


.76 


2.37584 










.23 


2.32532 


.77 


2.37676 


11.30 


2.42480 


9.70 


2.27213 


•24 


2.32630 


.78 


2.37769 


•31 


2.42569 


.71 


2.27316 


.25 


2.32728 


.79 


2.37862 


.32 


2.42657 


.72 


2.27419 


.26 


2.32825 






.33 


2.42745 


.73 


2.27521 


•27 


2.32923 


10.80 


2.37955 


•34 


2.42834 


•74 


2.27624 


.28 


2.33020 


.81 


2.38047 


.35 


2.42922 


.75 


2.27727 


.29 


2.33117 


.82 


2.38140 


.36 


2.43010 


.76 


2.27829 






.83 


2.38232 


.37 


2.43098 


.77 


2.27932 


10.30 


2.33214 


.84 


2.38324 


.38 


2.43186 


.78 


2.28034 


•31 


2.33311 


.85 


2.38417 


.39 


2.43274 


.79 


2.28136 


.32 


2.33408 


.86 


2.38509 










•33 


2.33505 


.87 


2.38601 


11.40 


2.43361 


9.80 


2.28238 


• 34 


2.33602 • 


.88 


2.38693 


•41 


2.43449 


.81 


2.28340 


•35 


2.33699 


.89 


2.38785 


•42 


2.43537 


.82 


2.28442 


.36 


2.33795 






.43 


2.43624 


.83 


2.28544 


•37 


2.33892 


10.90 


2.38876 


.44 


2.43712 


.84 


2.28646 


.38 


2.33988 


•91 


2.38968 


.45 


2.43799 


.85 


2.28747 


.39 


2.34084 


.92 


2.39060 


.46 


2.43886 


.86 


2.28849 






.93 


2.39»5i 


.47 


2.43974 


.87 


2.28950 


10.40 


2.34181 


•94 


2.39243 


.48 


2.44061 


.88 


2.29051 


.41 


2.34277 


.95 


2.39334 


•49 


2.44148 


.89 


2.29152 


•42 


2.34373 


.96 


2.39425 










•43 


2.34468 


.97 


2.39516 


11.50 


2.44235 


9.90 


2.29253 


.44 


2.34564 


.98 


2.39608 


.51 


2.44322 


.91 


2.29354 


•45 


2.34660 


•99 


2.39699 


.52 


2.44408 


.92 


2.29455 


.46 


2.34756 






•53 


2.44495 


•93 


2.29556 


•47 


2.34851 


11.00 


2.39790 


•54 


2.44582 


•94 


2.29657 


.48 


2.34947 


.01 


2.39880 


.55 


2.44669 


•95 


2.29757 


.49 


2.35042 


.02 


2.39971 


.56 


2.44755 


.96 


2.29858 






.03 


2.40062 


•57 


2.44842 


. .97 


2.29958 


10.50 


2.35138 


.04 


2.40153 


.58 


2.44928 


.98 


2.30058 


.51 


2.35?33 


.05 


2.40243 


.59 


2.45014 


.99 


2.30153 


.52 


2.35328 


.06 


2.40334 










•53 


2.35423 


.07 


2.40424 


11.60 


2.45101 


10.00 


2.30259 


.54 


2.35518 


.08 


2.40514 


.61 


2.45187 


.01 


2.30358 


.55 


2.35613 


.09 


2.40604 


.62 


2.45273 


.0?. 


2.30458 


.56 


2.35707 






.63 


2.45359 


.03 


2.30558 


.57 


2.35802 


II. 10 


2.40695 


.64 


2.45445 


.04 


2.30658 


.58 


2.35897 


.It 


2.40785 


•65 


2.45531 


.05 


2.30757 


•59 


2.35991 


.12 


2.40875 


.66 


2.45616 


.06 


2.30857 






.13 


2.40964 


.67 


2.45702 


.07 


2.30956 


10.60 


2.36085 


.14 


2.41054 


.68 


2.45788 


.08 


2.31055 


.61 


2.36180 


•15 


• 2.41144 


.69 


2.45873 


.09 


2.3II55 


.62 


2.36274 


.16 


2.41234 










.63 


2.36368 


.17 


2.41323 


11.70 


2.45959 


10.10 


2.31254 


.64 


2.36462 


.18 


2.41413 


.71 


2.46044 


.11 


2.31353 


.65 


2.36556 


.19 


2.41502 


•72 


2.46130 


.12 


2.3145I 


.66 


2 . 36650 






•73 


2.46215 


.13 


2.31550 


.67 


2.36744 


11.20 


2.41591 


.74 


2.46300 
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No. 


Loj., 


No. 


Lege, 


No. 


Log*, 


No. 


Log., 


11.75 


2.46385 


12.29 


2.50879 


12.82 


2.55101 


13.36 


2.59227 


.76 


2.46470 






•83 


2.55179 


•37 


2.59301 


.77 


2.46555 


12.30 


2.50960 


.84 


2.55257 


.38 


2.59376 


.78 


2.46640 


•31 


2.51041 


•85 


2.55334 


•39 


2.59451 


•79 


2.46725 


.32 


2.5II22 


.86 


2.55412 










•33 


2.51204 


•87 


2.55490 


13.40 


2.59525 


11.80 


2.46810 


•34 


2.51285 


.88 


2.55568 


.41 


2.59600 


.81 


2.46895 


.35 


2.51366 


.89 


2.55645 


.42 


2.59675 


.82 


2.46979 


.36 


2.51447 






•43 


2.59749 


.83 


2.47004 


.37 


2.51527 


12.90 


2.55723 


.44 


2.59824 


.84 


2.47148 


.38 


2.51608 


.91 


2.55800 


.45 


2.59898 


.85 


2.47233 


•39 


2.51689 


.92 


2.55878 


.46 


2.59972 


.86 


2.47317 






•93 


2.55955 


•47 


2.60047 


,87 


2.47401 


12.40 


2.51770 


•94 


2.56032 


.48 


2.60121 


.88 


2.47486 


.41 


2.51850 


•95 


2.56110 


•49 


2.60195 


.89 


2.47570 


.42 


2.51931 


.96 


2.56187 










•43 


2. 5201 I 


•97 


2.56264 


13.50 


2.60269 


11.90 


2.47654 


.44 


2.52092 


.98 


2.56341 


•51 


2.60343 


.91 


2.47738 


.45 


2.52172 


•99 


2.56418 


•52 


2.60417 


.92 


2.47822 


.46 


2.52252 






•53 


2.60491 


.93 


2.47^06 


•47 


2.52333 


1300 


2.56495 


.54 


2.60565 


•94 


2.47989 


.48 


2.52413 


.or 


2.56572 


•55 


2.60639 


•95 


2.48073 


•49 


2.52593 


.02 


2.56649 


.56 


2.60712 


.96 


2.48157 






.03 


2.56725 


.57 


2.60786 


•97 


2.48240 


12.50 


2.52573 


.04 


2.56S02 


.58 


2.60860 


.98 


2.48324 


•51 


2.52653 


.05 


2.56879 


.59 


2.60933 


.99 


2.48407 


.52 


2.52733 


.06 


2.56955 










.53 


2.52813 


•07 


2.57032 


13.60 


2.61007 


12.00 


2.48491 


.54 


2.52892 


.08 


2.57108 


.61 


2.61081 


.01 


2.48574 


.55 


2.52972 


.09 


2.57185 


.62 


2.61154 


.02 


2.48657 


.56 


2.53052 






.63 


2.61227 


.03 


2.48740 


•57 


2.5313I 


13.10 


2.57261 


.64 


2.61301 


.04 


2.48823 


.58 


2.532II 


.11 


2.57338 


.65 


2.61374 


.05 


2.48906 


•59 


2.53290 


.12 


2.57414 


.66 


2.61447 


.06 


2.48989 






.13 


2.57490 


.67 


2.61520 


.07 


2.49072 


12.60 


2.53370 


.14 


2.57566 


.68 


2.61594 


.08 


2.49155 


.61 


2.53449 


•15 


2.57642 


.69 


2.61667 


.09 


2.49238 


.62 


2.53528 


.16 


2.57718 










•63 


2.53608 


.17 


2.57794 


13.70 


2.61740 


13. 10 


2.49321 


.64' 


2.53687 


.18 


2.57870 


.71 


2.61813 


.11 


2.49403 


.65 


2.53756 


.19 


2.57946 


.72 


2.61885 


.12 


2.49486 


.66 


2.53845 






.73 


2.61958 


•13 


2.49568 


.67 


2.53924 


13 20 


2.58022 


.74 


2.62031 


.14 


2.49651 


.68 


2.54003 


.21 


2.58097 


.75 


2.62104 


.15 


2.49733 


.69 


2.54081 


.22 


2.58173 


.76 


2.62177 


.16 


2.49815 






.23 


2.58249 


.77 


2.62249 


.17 


2.49897 


12.70 


2.54160 


•24 


2.58324 


.78 


2.62322 


.18 


2.49980 


.71 


2.54239 


.25 


2.58400 


.79 


2.62394 


.19 


2.50062 


.72 


2.54318 


.26 


2.58475 










•73 


2.54396 


.27 


2.58551 


13.80 


2.62467 


12.20 


2.50144 


.74 


2.54475 


.28 


2.58626 


.81 


2.62539 


.21 


2.50226 


.75 


2.54553 


•29 


2.58701 


.82 


2.62612 


.22 


2.50307 


•76 


2.54632 






.83 


2.62684 


.23 


2 . 50389 


.77 


2.54710 


13.30 


2.58776 


.84 


2.62756 


.24 


2.50471 


•78 


2.54788 


•31 


2.58S52 


.85 


2.62829 


.25 


2.50553 


•79 


2.54866 


.32 


2.58927 


.86 


2.62901 


.26 


2.50634 






.33 


2.59002 


.87 


2.62973 


.27 


2.50716 


12.80 


2.54945 


.34 


2.59077 


.88 


2.63045 


.28 


2.50797 


.81 


2.55023 


.35 


2.59152 


.89 


2.63117 
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No. 


Log*. 


No. 


Log., 


No. 


Loge. 


No. 


Log«, 


13.90 


2.63189 


14.44 


2.67000 


14.98 


2.70672 


15-51 


2.74149 


.91 


2.63261 


.45 


2.67069 


•99 


2.70738 


•52 


2.74213 


.92 


2.63333 


.46 


2.67139 






.53 


2.74277 


•93 


2.63404 


.47 


2.67208 


15.00 


2.70805 


.54 


2.74342 


•94 


2.63476 


•48 


2.67277 


.01 


2.70872 


.55 


2.74406 


.95 


2.63548 


.49 


2.67346 


.02 


2.70938 


.56 


2.74470 


.96 


2.63620 






.03 


2.71005 


.57 


2.74535 


•97 


2.63691 


14.50 


2.67415 


.04 


2.71071 


•58 


2.74599 


.98 


2.63763 


.51 


2.67484 


.05 


2.71138 


.59 


2.74663 


•99 


2.63834 


•52 


2.67553 


.06 


2.71204 










.53 


2.67622 


.07 


2.71271 


15.60 


2.74727 


14.00 


2.63906 


.54 


2.67690 


.08 


2.71337 


.61 


2.74791 


.0[ 


2.63977 


.55 


2.67759. 


.09 


2.71403 


.62 


2.74855 


.02 


2.64049 


.56 


2.67823 






.63 


2.74919 


.03 


2.64120 


.57 


2.67896 


15.10 


2.71469 


.64 


2.79983 


.04 


2.64191 


•58 


2.67965 


.11 


2.71536 


.65 


2.75047 


.05 


2.64262 


•59 


2.68034 


.12 


2.71602 


.66 


2.75111 


.06 


2.64333 






.13 


2.71668 


.67 


2.75175 


.07 


2.64405 


14.60 


2.68102 


.14 


2.71734 


.68 


2.75239 


.08 


2.64476 


.61 


2.68171 


.15 


2.71800 


.69 


2.75302 


.09 


2.64547 


.6!2 


2.68239 


.16 


2.71866 










.63 


2.68307 


.17 


2.71932 


15.70 


2.75366 


14.10 


2.64617 


.64 


2.68376 


.18 


2.71998 


.71 


2.75430 


.11 


2.64688 


.65 


2.68444 


.19 


2.72064 


.72 


2.75493 


.12 


2.64659 


.66 


2.68512 






.73 


2.75557 


.13 


2.64830 


.67 


2.68580 


15.20 


2.72130 


.74 


2.75621 


.14 


2.64901 


.68 


2.68649 


.21 


2.72195 


.75 


2.75684 


.15 


2.64971 


.69 


2.68717 


.22 


2.72261 


.76 


2.75748 


.16 


2.65042 






.23 


2.72327 


.77 


2.75811 


.17 


2.65113 


14.70 


2.68785 


.24 


2.72392 


.78 


2.75874 


.18 


2.65183 


•71 


2.68853 


.25 


2.72458 


•79 


2.7593& 


.19 


2.65254 


.72 


2.68921 


.26 


2.72524 










.73 


2.68989 


.27 


2 72589 


15.80 


2.76001 


14.20 


2.65324 


.74 


2.69057 


.28 


2.72654 


.81 


2.76064 


.21 


2.65395 


.75 


2.69124 


.29 


2.72720 


.82 


2.7612& 


.22 


2.65465 


.76 


2.69192 






.83 


2.76191 


.23 


2.65535 


.77 


2.69260 


15.30 


2.72785 


.84 


2.76254 


.24 


2.65606 


.78 


2.69328 


.31 


2.72851 


.85 


2.76317 


.25 


2.65676 


•79 


2.69395 


.32 


2.72916 


.86 


2.7638a 


.26 


2.65746 






.33 


2.72981 


.87 


2.76443 


.27 


2.65816 


14.80 


2.69463 


.34 


2.73046 


.88 


2.76506 


.28 


2.65886 


.81 


2.69530 


.35 


2.73II2 


.89 


2.76569 


.29 


2.65956 


.82 


2.69598 


.36 


2.73177 










.83 


2.69665 


.37 


2.73242 


15.90 


2.76632 


14.30 


2.66026 


.84 


2.69733 


.38 


2.73307 


.91 


2.76695 


.31 


2.66096 


.85 


2.69800 


.39 


2.73372 


.92 


2.76758 


.32 


2.66166 


.86 


2.69867 






.93 


2.76820 


.33 


2.66236 


.871 


2.69935 


1540 


2.73437 


•94 


2.76883 


.34 


2.66305 


.88 


2.70002 


.41 


2.73502 


•95 


2.76946 


•35 


2.66375 


.89 


2.70069 


.42 


2.73567 


.96 


2.77009 


.36 


2.66445 






.43 


2.73631 


.97 


2.77071 


.37 


2.66514 


14.90 


2.70136 


.44 


2.73696 


.98 


2.77134 


.38 


2.66584 


.QI 


2.70203 


.45 


2.73761 


•99 


2.77196 


•39 


2.66653 


.92 


2.70270 


.46 


2.73826 










•93 


2.70337 


•47 


t2. 73890 


16.00 


2.77259 


14.40 


2.66723 


.94 


2.70404 


.48 


2.73955 


.01 


2.77321 


.41 


2.66792 


•95 


2.70471 


•49 


2.74019 


.02 


2.77384 


.42 


2.66862 


.96 


2.70538 






.03 


2.77446 


•43 


2.66931 


.97 


2.70605 


15.50 


2.75084 


1 -^ 1 


2.77509 



6o PRArS STEAM TABLES AND ENGINE CONSTANTS. 

HYPERBOLIC LOGARITHMS.— G?»/»««/r^. 



No. 


Log., 


No. 


Loge, 


No. 


Log*. 


No. 


Logt. 


16.05 


2.77571 


16.59 


2.80880 


17.12 


2.84025 


1 

17.66 


2.87130 


.06 


2.77633 






•13 


2.840S3 


.67 


2 87187 


.07 


2.77695 


16.60 


2.80940 


.14 


2.84142 


.68 


2.87243 


.08 


2.77758 


.61 


2.81001 


•15 


2.84200 


.69 


2.87300 


.09 


2.77820 


.62 


2.81061 


.16 


2.84258 










.63 


2.81121 


•17 


2.84316 


17.70 


2.87356 


16. 10 


2.77882 


.64 


2.81181 


.18 


2.84375 


•71 


2.87413 


.11 


2.77944 


•65 


2.8124I 


.19 


2.84433 


.72 


2.87469 


.12 


2.78006 


.66 


2.81301 






.73 


2.87526 


.13 


2.78068 


.67 


2.81361 


17.20 


2.84491 


•74 ■ 


2.87582 


.14 


2.78130 


.68 


2.81421 


.21 


2.84549 


•75 


2.87639 


.15 


2.78192 


.69 


2.81481 


.22 


2.84607 


.76 


2.87695 


.16 


2.78254 


\ 




.23 


2.84665 


•77 


2.87751 


.17 


2.78316 


16.70 


2.81541 


.24 


2.84723 


.78 


2.87807 


.18 


2.78378 


•71 


2. 81601 


.25 


2.84781 


.79 


2. '87864 


.19 


2.78439 


•72 


2.81661 


.26 


2.84839 










• 73 


2.81720 


.27 


2.84897 


17.80 


2.87920 


16.20 


2.78501 


.74 


2.81780 


.28 


2.84955 


.81 


2.87976 


.21 


2.78563 


.75 


2.81840 


.29 


2.85013 


.82 


2.88032 


.22 


2.78625 


.76 


2.81900 






.83 


2.88088 


.23 


2.78686 


• 77 


2.81959 


17.30 


2.85071 


.84 


2.88144 


.24 


2.78748 


.78 


2.82019 


.31 


2.85128 


.85 


2.88200 


.25 


2.78809 


•79 


2.82078 


•32 


2.85186 


.86 


2.88256 


.26 


2.78871 






.33 


2.85244 


.87 


2.88312 


.27 


2.78932 


16.80 


2.82138 


•34 


2.85302 


.88 


2.88368 


.28 


2.78994 


.81 


2.82197 


•35 


2.85359 


.89 


2.88424 


•29 


2.79055 


.82 


2.82257 


.36 


2.85417 










.83 


2.82316 


.37 


2.85474 


17.90 


2.88480 


16.30 


2.79117 


.84 


2.82376 


.38 


2.85532 


.91 


2.88536 


•31 


.2.79178 


.85 


2.82435 


.39 


2.85590 


.92 


2.88592 


.32 


2.79239 


.86 


2.82484 






•93 


2.88648 


.33 


2.79300 


.87 


2.82554 


17.40 


2.85647 


.94 


2.88703 


.34 


2.79362 


.88 


. 2.82513 


.41 


2.85704 


•95 


2.88759 


•35 


2.79423 


.89 


2.82672 


•42 


2.85762 


.96 


2.88815 


.36 


2.79484 






.43 


2.85819 


•97 


2.88870 


.37 


2.79545 1 


16.90 


2.82731 


•44 


2.85877 


.98 


2.88926 


.38 


2.79606 


.91 


2.82791 


•45 


2.85934 


•99 


2.88982 


.39 


2.79667 


.92 


2.82850 


.46 


2.85991 










•93 


2.82909 


•47 


2.86049 


18.00 


2.89037 


16.40 


2.79728 


•94 


2.82968 


.48 


2.86106 


.01 


2.89093 


.41 


2.79789 


•95 


2.83027 


•49 


2.86163 


.02 


2.89148 


.42 


2.79850 


.96 


2.83086 






.03 


2.89204 


•43 


2.79911 


.97 


2.83145 


17.50 


2 . 86220 


.04 


2.89259 


.44 


2.79972 


.98 


2.83204 


.51 


2.86277 


.05 


2.89315 


.45 


2.80033 


•99 


2.83263 


.52 


2.86334 


.06 


2.89370 


.46 


2.80093 






.53 


2.86391 


.07 


2.89425 


.47 


2.80154 


17.00 


2.83321 


.54 


2.86448 


.08 


2.89481 


.48 


2.S0215 « 


.01 


2.83380 


.55 


2.86505 


.09 


2.89536 


.49 


2.80275 


.02 


2.83439 


.56 


2.86562 










.03 


2.83498 


.57 


2.86619 


18.10 


2.89591 


16.50 


2.80336 


.04 


2.83556 


.58 


2.86676 


.11 


2.89646 


.51 


2.80397 


.05 


2.83615 


.59 


2.86733 


.12 


2 . 89702 


.52 


2.80457 


.06 


2.83674 






• 13 


2.89757 


.53 


2.S0513 [ 


.07 


2.83732 


17.60 


2.86790 


•14 


2.89812 


.54 


2.S0578 . 


.08 


2.83791 


.61 


2.86S47 


•15 


2.89867 


•55 


2 . S0639 1 


.09 


2.83849 


.62 


2 . 86903 


.16 


2.89922 


.56 


2 . 80699 






•63 


2.86960 


.17 


2.89977 


.57 


2.80759 


17.10 


2.83908 


.64 


2.87017 


.18 


2.90032 


•58 


2.80820 


.11 


2.83966 


.65 


2.S7074 


.19 


2.90087 
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6i 



No. 


Loge, 


No. 


Log*. 


No. 


Log.. 


No. 


Loge, 


18.20 


2.90142 


18.74 


2.93066 


19.28 


2.95907 


19.81 


2.98619 


.21 


2.90197 


.75 


2.93119 


.29 


2.95959 


.82 


2.98669 


.22 


2.90242 


.76 


2.93173 






.83 


2.98720 


•23 


2.90307 


•77 


2.93226 


19.30 


2.96011 


.84 


2.98770 


.24 


2.90362 


.78 


2.93279 


.31 


2 . 96062 


.85 


2.98820 


•25 


2.90417 


•79 


2.93333 


.32 


2.96114 


.86 


2.98871 


.26 


2.90471 






.33 


2.96166 


•87 


2.98921 


•27 


2.90526 


18.80 


2.93386 


.34 


2.96218 


.88 


2.98971 


.28 


2.90581 


.81 


2.93439 


.35 


2.96269 


.89 


2.99022 


.29 


2.90635 


.82 


2.93482 


.36 


2.96321 










.83 


2.93545 


.37 


2.96373 


19.90 


2.99072 


18.30 


2.90690 


.84 


2.93598 


.38 


2.96424 


.91 


2.99122 


.31 


2.90745 


.85 


2.93651 


•39 


2.96476 


.92 


2.99172 


.32 


2.90799 


.86 


2.93704 






93 


2.99223 


•33 


2.90854 


.87 


2.93757 


19.40 


2.96527 


•94 


2.99273 


.34 


2.90908 


.88 


2.93810 


.41 


2.96579 


•95 


2.99323 


.35 


2.90963 


.89 


2.93863 


.42 


2.96630 


.96 


2.99373 


.30 


2.91017 






.43 


2.90682 


.97 


2.99423 


•37 


2.91072 


18.90 


2.93916 


•44 


2.96733 


.98 


2.99473 


.38 


2.91126 


.91 


2.93969 1 


.45 


2.96785 


•99 


2.99523 


■3*) 


2.9II81 


.92 


2.94022 1 


.46 


2.96836 










•93 


2.9+075 


.47 


'2.96888 


20.00 


2.99573 


18.40 


2.91235 


.94 


2.94128 


.48 


2.96939 


.01 


2.99623 


.41 


2.91289 


.95 


2.94180 


.49 


2.96990 


.02 


2.99673 


•42 


2.9'344 


.96 


2.94233 






.03 


2.99723 


•43 


2.91398 


•97 


2.94286 


19.50 


2.97041 


.04 


2-99773 


.44 


2.91452 


.98 


2.94339 


.51 


2.97093 


•05 


2.99823 


.4S 


2.91506 


•99 


2.94391 


.52 


2.97»44 


.06 


2.QQ873 


.46 


2.91561 






•53 


2.97195 


.07 


2.99923 


•47 


2.91615 


19.00 


2.94444 


•54 


2.97246 


.08 


2.99972 


.48 


2.91669 


.Of 


2.94497 ' 


.55 


2.97298 


.09 


3.00022 


•49 


2.91723 


.02 


2.94549 


.56 


2.97349 










.03 


2.94602 


•57 


2.97400 


20.10 


3.00072 


18.50 


2.91777 


.04 


2.94654 


.58 


2.97451 


.11 


3.00122 


.51 


2.91831 


.05 


2.94707 


•59 


2.97502 


.12 


3.00171 


•52 


2.91885 


.06 


2.94759 






.13 


3.00221 


•53 


2.91939 


.07 


2.94812 


19.60 


2.97553 


.14 


3.00271 


•54 


2.91993 


.08 


2.94864 


.61 


2.97604 


•15 


3.00320 


.55 


2.92047 


.09 


2.94916 


.62 


2.97655 


.16 


3.00370 


.56 


2.92101 






.63 


2.97706 


•17 


3.00420 


.57 


2.92155 


19.10 


2.94969 


.64 


2-97757 


.18 


3.00469 


.58 


2.922C9 


.11 


2.95021 


.65 


2.97808 


.19 


3.00519 


.59 


2 . 92262 


.12 


2.95074 


.66 


2.97859 










•13 


2.95126 1 


.67 


2.97909 


20.20 


3.00568 


18.60 


2.92316 


.14 


2.95178 


.68 


2'. 97960 


.21 


3.00618 


.61 


2.92370 


.15 


2.95230 


.69 


2.98011 


.22 


3.00667 


.62 


2.92424 


.16 


?. 95282 






.23 


■3.00717 


.63 


2.92477 


.17 


2 95335 


19.70 


2.98062 


.24 


3.00766 


.64 


2.92531 


.18 


2.95387 


•71 


2.98II3 


•25 


3.00815 


•65 


2.92585 


.19 


2.95439 


•72 


2.98163 


.26 


3.00865 


.66 


2.92638 






•73 


2.98214 


.27 


3.00914 


.67 


2.92692 


19.20 


2.95491 


•74 


2.98265 


.28 


3.00964 


.68 


2.92745 


.21 


2.95543 


•75 


2.98315 


.29 


3.01013 


.69 


2.92799 


.22 


2.95695 


.76 


2.98366 










.23 


2.95647 


•77 


2.98417 


20.30 


3.01062 


18.70 


2.92852 


•24 


2.95699 


.78 


2.9S467 


.31 


3.01111 


.71 


2.92906 


.25 


2.95751 


•79 


2.98518 


.32 


3.01161 


.72 


2.92959 


.26 


2,95803 






.33 


3.01210 


•73 


2.93013 


.27 


2.95855 


19.80 


2.9S568 


•34 


3.01259 
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No. 


Log«, 


No. 


Loge, 


1 - 


Log., 


No. 


Log*, 


20.35 


3.01308 1 


20.89 


3.03927 


21.42 


3.06433 


21.96 


3.08922 


.36 


3.01357 1 






.43 


3.06479 


•97 


3.08968 


.37 


3.01406 1 


20.90 


3.03975 


.44 


3.06526 


.98 


3.09013 


.38 


3.01455 : 


.91 


3.04023 


•45 


3.06572 


•99 


3.09059 


•39 


3-01504 ' 


.92 


3.04071 


.46 


3.06619 










•93 


3.O4II8 


.47 


3.06666 


22.00 


3.09104 


20.40 


3.01554 


.94 


3.04166 


.48 


3.06712 


.01 


3.09150 


.41 


3.01603 


.95 


3.04214 


•49 


3.06759 


.02 


3.09195 


.42 


3.01651 


.96 


3.04262 






.03 


3.09241 


.43 


3.01700 


•97 


3.04309 


21.50 


3.06805 


•04 


3.09286 


.44 


3.01749 


.98 


3-04357 


i -51 


3.06S52 


•05 


3.09331 ' 


•45 


3.01798 


•99 


3.04405 


.52 


3.06898 


.06 


3-09377 


.46 


3.01847 






-53 


3.06945 


•07 


3.09422 


.47 


3.01896 


21.00 


3.04452 


.54 


3.06991 


.08 


3.09467 


.48 


3.01945 


.01 


3.04500 


.55 


3 07038 


.09 


3.09513 


.49 


3 01984 


.02 


3.04547 


•56 


3.07084 










.03 


3 04595 


-57 


3.07130 


22.10 


3.09558 


20.50 


3.02043 


.04 


3.04643 


.58 


3.07177 


.11 


3.09603 


.51 


3.02091 


.05 


3.04690 


.59 


3.07223 


.12 


3.09^)48 


.52 


3.02140 


.06 


3.04738 






.13 


3.09693 


.53 


3.02189 


.07 


3-04785 


21.60 


3.07269 


.14 


3.09739 


.54 


3.02237 


.08 


3.04832 


.61 


3.07316 


.15 


3.09784 


.55 


3.02286 


.09 


3.04880 


.62 


3.07362 


.16 


3.0982Q 


.56 


3.02335 






.63 


3.07408 


•17 


3.09874 


.57 


3.02383 


21.10 


3.04927 


.64 


3.07454 


.18 


3.09919 


.58 


3.02432 


.11 


3.04975 


.65 


3.07501 


.19 


3.C9964 


.59 • 


3.02481 


.12 


3.05022 


.66 


3-07547 










.13 


3.05069 


.67 


3.07593 


22.20 


3.10009 


20.60 


3.02529 


.14 


3.05x17 


.68 


3-07639 


.21 


3.10054 


.61 


3.02578 


.15 


3.05164 


.69 


3.07685 


.22 


3.10099 


.62 


3.02626 


.16 


3.05211 






.23 


3.10144 


.63 


3.02675 


.17 


3.05259 


ai.70 


3.07731 


.24 


3.10189 


.64 


3.02723 


.18 


3.05306 


.71 


3-07777 


-25 


3.10234 


.65 


3.02772 


.19 


3.05353 


.72 


3.07823 


.26 


3.10279 


.66 


3.02820 






•73 


3.07869 


.27 


3.10324 


.67 


3.02868 


21.20 


3.05400 


.74 


3-07915 


.28 


3 . 10369 


.68 


3.02917 


.21 


3.05447 


.75 


3.07961 


.29 


3.10414 


.69 


3.02965 


.22 


3.05494 


.76 


3.08007 










•23 


3.05542 


.77 


3.08053 


22.30 


3.10459 


20.70 


3.03013 


.24 


3.05589 


.78 


3.08099 


.31 


3.10504 


.71 


3.03062 


-25 


3.05636 


.79 


3.08145 


.32 


3.10548 


.72 


3.03110 


.26 


3.05683 






.33 


3.10593 


.73 


3.03158 


.27 


3.05730 


21.80 


3.08191 


.34 


3.10638 


.74 


3.03206 


.28 


3-05777 


.81 


3.08237 


•35 


3.10683 


.75 


3.03255 


.29 


3.05824 


.82 


3.08283 


•36 


3.10727 


.76 


3.03303 






.83 


3.08329 


.37 


3.10772 


•77 


3.03351 


21.30 


3.05871 


.84 


3.08374 


.38 


3.10817 


.78 


3.03399 


.31 


3.05918 


.85 


3.08420 


.39 


3.10861 


.79 


3.03447 


•32 


3.05964 


.86 


3.08466 










.33 


3.06011 


-87 


3.08512 


22.40 


3.10906 


20.80 


3 03595 


.34 


3.06058 


.88 


3.08557 


.41 


3.10951 


.81 


3.03543 


.35 


3.06105 


.89 


3.08603 


.42 


3.10995 


.82 


3.03591 


•36 


3.06152 






•43 


3.11040 


.83 


3.03639 


.37 


3.o6ig9 


21.90 


3.08649 


-44 


3. I 1085 


.84 


3.03687 


.38 


3.06246 


-91 


3.08694 


-45 


3.11129 


.85 


3.03735 


•39 


3.06292 


.92 


3.08740 


.46 


3.11174 


.86 


3.037S3 






.93 


3.08786 


•47 


3.H218 


.87 


3.03831 


21.40 


3.06339 


•94 


3.08831 


.48 


3. 1 1263 


•88 


3.03879 


.41 


3.06386 


1 .95 


3.08S77 


.49 


3-11307 
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No. 


^v 


No. 


Loge, 


No. 


Loge, 


No. 


Log«, 


22.50 


3.II352 


23.04 


3.13723 


23-58 


3 . 16040 


24.11 


3.18263 


•51 


3.1x396 


.05 


3.13767 


.59 


3.16082 


.12 


3.18304 


.52 


3.II440 


.06 


3.13810 






•13 


3-18346 


.53 


3. I 1485 


.07 


3.13853 


23.60 


3- 16125 


.14 


3.18387 


.54 


3.II529 


.08 


3.13897 


.61 


3.16167 


.15 


3.18428 


.55 


3.1x574 


.09 


3.13940 


.62 


3.16209 


.16 


3.18470 


.56 


3.II6I8 






•63 


3.16252 


.17 


3.18511 


.57 


3. I 1662 


23.10 


3.13983 


.64 


3.16294 


.18 


3.18553 


.58 


3.11706 


.11 


3.14027 


.65 


3.16336 


.19 


3.18594 


•59 


3.1175X 


.12 


3.14070 


.66 


3.16379 










•13 


3.I4113 


.67 


3.16421 


24.20 


3.18635 


22.60 


3-XX795 


.14 


3.I4156 


.68 


3.16463 


.21 


3.18677 


.61 


3.11839 


.15 


3.I4199 


.69 


3.16505 


.22 


3.18718 


.62 


3-11883 


.16 


3.14243 






•23 


3.18759 


.63 


3.11928 


.17 


3.14286 


23.70 


3.16548 


.24 


3.18800 


.64 


3.1x972 


.18 


3.14329 


.71 


3.16590 


.25 


3.18842 


.65 


3.12016 


.19 


3 14372 


•72 


3 . 16632 


.26 


3.18883 


.66 


3.i2«6o 






.73 


3.16674 


•27 


3- 18924 


.67 


3.12104 


23.20 


314415 


.74 


3.16716 


.28 


3.18965 


.68 


3.12148 


.21 


3.14458 


.75 


3.16758 


.29 


3.19006 


.69 


3.12192 


.22 


3-14501 


.76 


3.16800 










.23 


3.14544 


•77 


3.16842 


24.30 


3-19048 


22.70 


3.12237 


.24 


3.14588 


.78 


3.16885 


.31 


3.19089 


.71 


3.12281 


.25 


3.14631 


.79 


3.16927 


•32 


3.19130 


.72 


3.12325 


.26 


3.14674 






.33 


3-19171 


.73 


3.12369 


.27 


3.14617 


23.80 


3.16969 


-34 


3.19212 


.74 


3- 12413 


.28 


3.14759 


.81 


3.17011 


•35 


3.19253 


.75 


3.12467 


.29 


3 . 14802 


.82 


3.17053 


.36 


3.19294 


.76 


3.12500 






.83 


3-17095 


•37 


3.19335 


•77 


3.12544 


23.30 


3.14845 


.84 


3.17137 


.38 


3-19376 


.78 


3.12588 


.31 


3.14888 


.85 


3.17178 


.39 


319417 


•79 


3.12632 


.32 


3.14931 


.86 


3.17220 










.33 


3- 14974 


.87 


3.17262 


24-40 


3.19458 


22.80 


3.12676 


.34 


3.15017 


.88 


3.17304 


.41 


3.19499 


.81 


3.12720 


.35 


3.15060 


.89 


3-17346 


.42 


3.19540 


.82 


3.12764 


.36 


3.15103 






.43 


3.19581 


.83 


3.12808 


•37 


3.15145 


23.90 


3.17388 


.44 


3.19622 


.84 


3.12851 


.38 


3.15188 


.91 


3 17430 


.45 


3-19663 


.85 


3.12895 


•39 


3.15231 


.92 


3- 17472 


.46 


3-19704 


.86 


3.12939 






.93 


3-17513 


.47 


3.19745 


.87 


3.12983 


23.40 


3.15274 


.94 


3.17555 


.48 


3.19786 


.88 


3.13026 


.41 


3.15316 


.95 


3.17597 


.49 


3.19827 


.89 


3.13070 


.42 


3.15359 


.96 


3.17639 










.43 


3.15402 


.97 


3.17680 


24.50 


3.19867 


22.90 


3. 13x14 


.44 


3.15444 


.98 


3.17722 


.51 


3.19908 


.91 


3.13157 


.45 


3.15487 


•99 


3-17764 


.52 


3.«M949 


.92 


3.13201 


.46 


315530 






•53 


3.19990 


•93 


3.13245 


.47 


3.15572 


24.00 


3-17805 


.54 


3 . 20030 


•94 


3.13288 


.48 


3-15615 


.01 


3.17847 


.55 


3.20071 


.95 


3.13332 


.49 


3.15657 


.02 


3.17839 


.56 


3.20112 


.96 


3-13375 






.03 


3.17930 


.57 


3.20153 


•97 


3-13419 


23.50 


3.15700 


.04 


3.17972 


.58 


3.20193 


.98 


3.13462 


.51 


3.15743 


.05 


3.18014 


.59 


3.20234 


.99 


3.13506 


.52 


3.15785 


.06 


3.18055 










.53 


3.15828 


.07 


3.18097 


24.60 


3.20275 


23.00 


3.X3549 


.54 


3.15870 


.08 


3.18138 


.61 


3.20315 


.01 


3.13593 


.55 


3.15923 . 


.09 


3.18180 


.62 


3.20356 


.02 


3.13636 


.56 


315955 






.63 


3-20397 


.03 


3.13680 


•57 


3.15997 ■ 


24.10 


3.18221 


.64 


3.20437 
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No. 


Log«, 


No. 


Log^ 


No. 


Loj«, 


No. 


Loge. 


24.65 


3.20478 


; 25.19 


3.22645 


25.72 


3.24727 


26.26 


3.26805 


.66 


3.20518 


1 




.73 


3.24766 


.27 


3.26843 


.67 


3.20559 


25.20 


3.22684 


•74 


3.24805 


.28 


3.26881 


.68 


3.20599 


.21 


3.22724 


•75 


3.24843 


.29 


3.26919 


.69 


3 . 20640 


.22 


3.22764 


.76 


3 . 24882 










.23 


3.22803 


•77 


3.24921 


26.30 


3.26957 


24.70 


3.20680 


.24 


3.22843 


•78 


3.24960 


•31 


3-26995 


.71 


3.20721 


.25 


3.22883 


.79 


3.24999 


•32 


3.27033 


.72 


3.20761 


.26 


3.22922 1 






•33 


3.27071 


•73 


3 . 20802 


•27 


3.22962 1 


25.80 


3.25037 


.34 


3.27109 


•74 


3 . 20842 


.28 


3.23001 


.81 


3.25076 


•35 


3.27147 


•75 


3.20883 


.29 


3.23041 


.82 


3.25115 1 


.36 


3.27185 


.76 


3.20923 






•83 


3-25154 


.37 


3.27223 


.77 


3.20963 


25.30 


3.23080 


.84 


3.25192 


-38 


3 . 27261 


.78 


3.21004 


•31 


3.23120 


•85 


3.25231 


•39 


3.27299 


.79 


3.21044 


•32 


3.23159 


.86 


3.25270 










•33 


3.23199 


•87 


3.25308 


26.40 


3^27336 


24.80 


3 . 21084 


•34 


3.23238 


.88 


3.25347 


.41 


3^27374 


.81 


3.21125 


•35 


3.23278 


.89 


3 25386 


.42 


3-27412 


.82 


3.21165 


.36 


3.23317 






•43 


3.274^0 


.83 


3.21205 


•37 


3-23357 


25.90 


3 25424 


.44 


3.27488 


.84 


3.21246 


.38 


3.23396 


.91 


3 25463 


.45 


3.27526 


.85 


3.21286 


•39 


3.23436 


.92 


3.25502 


.46 


3.27*^63 


.86 


3.21326 






•93 


3.25540 


.47 '^ 


3.27601 


.87 


3.21366 


25.40 


3 23475 


.94 


325579 


.48 


3.27639 


.88 


3.21406 


.41 


3.23514 


.95 


3.25617 


•49 


3.27677 


.89 


3.21447 


.42 


3.23554 


.96 


3.25656 










•43 


3.23593 


•97 


3-25794 


26.50 


3.27714 


24.90 


3.21487 


•44 


3-23632 


.98 


3-25733 


.51 


3.27752 


.91 


3.21527 


.45 


3.23672 


-99 


3-25771 


.52 


3.27790 


.92 


3.21567 


.46 


3.23711 






•53 


3.27828 


.93 


3.21607 


•47 


3.23750 


26.00 


3.25810 


.54 


3.27865 


•94 


3.21647 


.48 


3.23789 


.01 


3.25848 


.55 


3.27903 


•95 


3.21687 


•49 


3-23829 


.02 


3.25887 


•56 


3.27941 


.96 


3.21727 






•03 


3.25925 


.57 


3.27978 


•97 


3.21768 


25 50 


3.23868 


•04 


3.25963 


•58 


3.28016 


.98 


3.21808 


.51 


3.23907 


•05 


3 . 26002 


•59 


3.28054 


•99 


3.21848 


•52 


3.23946 


.06 


3.26040 










•53 


3 23985 


•07 


3 26079 


26.60 


3.28091 


25.00 


3.21888 


•54 


3.24025 


.08 


3.26117 


.61 


3.28129 


.01 


3.21928 1 


•55 


3.24064 


•09 


3.26155 


.62 


3.28166 


.02 


3.21968 1 


.56 


3.24103 






.63 


3.28104 


•03 


3.22008 ' 


•57 


3.24142 


26.10 


3.26194 


.64 


3.28141 


.04 


3.22047 ' 


.58 


3.24181 


.11 


3.26232 


.65 


3.28179 


.05 


3.22087 1 


•59 


3 . 24220 


.12 


3 . 26270 


.66 


3.28316 


.06 


3.22127 






•13 


3.26308 


.67 


3.28354 


.07 


3.22167 


25.60 


3.24259 


.14 


3.26347 


.68 


3.28391 


.08 


3.22207 


.61 


3.24298 


•15 


3.26385 


.69 


3.28429 


.09 


3.22247 


.62 


3-24337 


.16 


3.26423 










.63 


3.24376 


.17 


3 . 26461 


26.70 


3.28466 


25.10 


3.22287 , 


.64 


3.24415 


.18 


3.26500 


.71 


3.28504 


.11 


3.22327 1 


.65 


3.24454 


.19 


3.26538 


.72 


3.28541 


.12 


3.22366 1 


.66 


3.24493 






.73 


3.28579 


•13 


3.22406 1 


.67 


3.24532 


, 26.20 


3 26576 


.74 


3.28616 


.14 


3.22446 


.68 


324571 


.21 


3.26614 


.75 


3.28653 


•15 


3 . 22486 


.69 


3.24610 


.22 


3.26652 


.76 


3.28691 


.16 


3.22526 






.23 


3 . 26690 


•77 


3.28728 


.17 


3.22565 


25.70 


3.24649 


.24 


3.26729 


•78 


3.28766 


.18 


3.22605 


.71 


3.24688 


1 .25 

1 


3.26767 


•79 


3.28803 
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No. 


Loge. 


No. 


Log., 

1 


No. 


Log.. 


No. 


Log*. 


26.80 


3.28840 


27.34 


3.30835 


27.88 


■ 3.32791 


28.41 


3.34674 


.81 


3.28878 


.35 


3.30872 


.89 


3.32827 


.42 


3^34709 


.82 


3.28915 


.36 


3.30908 






.43 


3.34745 


.83 


3.28952 


.37 


3^30945 


27.90 


3.32863 


.44 


3.34780 


.84 


3.28989 


.38 


3.30981 


.91 


3-32899 


.45 


3.34815 


.85 


3.29027 


•39 


3.31018 


•92 


3.32934 


.46 


3.34850 


.86 


3.29064 






•93 


3.32970 


.47 


3 34885 


.87 


3.29IOI 


27.40 


3.31054 


•94 


3.33006 


.48 


3 34920 


.88 


3-29138 


.41 


3.3109I 


.95 


3.33042 


.49 


3.34955 


.89 


3 •291 75 


•42 


3.31127 


.96 


3.33078 










•43 


3.31164 


.97 


3.33113 


28.50 


3.34990 


26.90 


3.29213 


• 44 


3.31200 


.98 


3.33149 


•51 


3.35026 


.91 


3.29250 


.45 


3-31237 


.99 


3.33185 


.52 


3.35061 


.92 


3.29287 


.46 


3.31273 






.53 


3.35096 


•93 


3.29324 


•47 


3-31309 


28.00 


3.33220 


.54 


3.35131 


•94 


3.29361 


.48 


3.31346 


.01 


3.33256 


.55 


3.35166 


•95 


3.29398 


.49 


3.31382 


.02 


3.33292 


.56 


3.35201 


.96 


3 29435 






•03 


3.33328 


•57 


3.35236 


•97 


3.29473 


27^50 


3.31419 


.04 


3.33363 


.58 


3.35271 


.98 


3.29510 


•51 


3.31455 


•05 


3.33399 


.59 


3-35306 


•99 


3^29547 


.52 


3.31491 


.06 


3.33435 










•53 


3.31528 


.07 


3-33470 


28.60 


3.35341 


27.00 


3.295S4 


•54 


3.31564 


.08 


3.33506 


.61 


3.35376 


.01 


3.29621 


•55 


3.31600 


.09 


3.33541 


.62 


3.35411 


.02 


3.29658 


.56 


3.31637 






.63 


3.35446 


•03 


3.29695 


•57 


3.31673 


28.10 


3.33577 


.64 


3.35480 


.04 


3.29732 


•58 


3.31709 


.11 


3.33613 


.65 


3.35515 


.05 


3.29769 


•59 


3-31745 


.12 


3.33648 


.66 


3.35550 


.06. 


3.29806 






.13 


3.33684 


.67 


3.35585 


.07 


3-29843 


27.60 


3.31782 


•14 


3.33719 


.68 


3-35620 


.08 


3.29880 


.61 


3.31818 


•15 


3.33755 


.69 


3.35655 


.09 


3.29916 


.62 


3-31854 


.16 


3.33790 










•63 


3-31890 


.17 


3.33826 


28.70 


3.35690 


27.10 


3.29953 


.64 


3-31926 


.18 


3.33861 


•71 


3.35725 


.11 


3.29990 


.65 


3.31963 


.19 


3.33897 


.72 


3.35759 


.12 


3.30027 


.66 


3.31999 






.73 


3.35794 


•13 


3.30064 


.67 


3-32035 


28.20 


3.33932 


.74 


3.35829 


.14 


3.30101 


.68 


3.32071 


.21 


3.33968 


.75 


3.35864 


.15 


3.30138 


.69 


3.32107 


.22 


3.34003 


.76 


3.35899 


.16 


3.30174 






.23 


3.34039 


.77 


3.35933 


.17 


3.30211 


27.70 


3 32143 


.24 


3.34074 


.78 


3.35968 


.18 


3.30248 


•71 


3.32179 


.25 


3.34109 


.79 


3.36003 


.19 


3-30265 


•72 


3.32215 


.26 


3-34145 










•73 


3.32252 


.27 


3.34180 


28.80 


3.36038 


27.20 


3.30322 


•74 


3.32288 


.28 


3-34216 1 


.81 


3.36072 


.21 


3.30358 


.75 


3.32324 


.29 


3.34251 


.82 


3.36107 


.22 


3.30395 


.76 


3.32360 






.83 


3.36142 


.23 


3.30432 


.77 


3.32396 


28.30 


3.34286 


.■84 


3.36176 


.24 


3.30469 


•78 


3,32432 


.31 


3.34322 


.85 


3.36211 


.25 


3.30505 


.79 


3 32468 


•32 


3.34357 


.86 


3.36246 


.26 


3.30542 






.33 


3.34392 


.87 


3.36280 


•27 


3-30579 


27.80 


3.32504 


.34 


3.34427 


.88 


3.36315 


.28 


3-30615 


.81 


3.32540 


.35 


3-34463 


.89 


3.36350 


.29 


3.30652 


.82 


3.32576 


.36 


3-34498 










.83 


3. 3261 I 


•37 


3.34533 


28.90 


3.36384 


27.30 


3.30689 


.84 


3.32647 


.38 


3.. 34568 


.91 


3.36419 


•31 


3.30725 


.85 


3.32683 


.39 


3.34604 


•92 


3^36453 


•32 


3.30762 


.86 


3.32719 






.93 


3.36488 


•33 


3.30799 


.87 


3.32755 


28.40 


3-34639 


•94 


3.36522 
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No. 


Log*, 


No. 


Log«, 


No. 


Logc, > 


ro. 


Log«. 


28.95 


3 •36557 


29.22 


3.37485 


29.50 


3.38439 29 


77 


3.39350 


.96 


3.36592 


.23 


3.37520 


.51 


3.38473 


.78 


3.39384 


•97 


3.36626 


.24 


3.37554 


.52 


3.38507 


.79 


3.39417 


.98 


3.36661 


.25 


3.37588 


.53 


3.38541 






•99 


3.36695 


.26 


3.37622 


.54 


3.38575 29 


80 


3.39451 






.27 


3.37656 


.55 


3.38608 


81 


3-39484 


29.00 


3.36730 


.28 


3-37690 


.56 


3.38642 


82 


3.39518 


.01 


3.36764 


.29 


3.37725 


.57 


3.38676 


83 


3 •39551 


.02 


3.36799 






.58 


3.38710 


84 


3.39585 


.03 


3 36833 


29.30 


3.37759 


.59 


3.38744 


85 


3.39619 


.04 


3.36867 


•31 


3.37793 






86 


3.39652 


.05 


3 . 36902 


.32 


3.37827 


29.60 


3.38777 


87 


3.39685 


.06 


3.36936 


.33 


3.37861 


.61 


3.38811 


88 


3-39719 


.07 


3.36971 


.34 


3.37895 


.62 


3.38845 


89 


3.39752 


.08 


3.37005 


.35 


3.37929 


.63 


3.38879 






.09 


3.37039 


.36 


3.37963 


.64 


3.38912 29 


90 


3.39786 






.37 


3.37997 


.65 


3.38946 


91 


3.39819 


29.10 


3- 37074 


.38 


3.38031 


.66 


3.38980 


92 


3.39853 


.n 


3.37108 


.39 


3.38065 


•^7 


3.39014 


93 


3.39886 


.12 


3.37143 






.68 


3.39047 


94 


3.39920 


•13 


3.37177 


29.40 


3.38099 


.69 


3.39081 


95 


3.39953 


•14 


3.37211 


.41 


3.38133 






96 


3.39986 


•15 


3.37246 


.42 


3.38167 


29.70 


3.39"5 


97 


3.40020 


.16 


3.37280 


.43 


3.38201 


.71 


3.39148 


98 


3.40053 


.17 


3.37314 


.44 


3.38235 


.72 


3.39182 


99 


3.40086 


.18 


3.37348 


•45 


3.38269 


.73 


3.39216 






.19 


3.37383 


.46 


3.38303 


.74 


3.39249 30 


00 


3.40120 






.47 


3.38337 


.75 


3.39283 






29.20 


3.37417 


.48 


3.38371 


.76 


3^39317 






.21 


3 3745 1 


.49 


3.38405 











FRAY'S STEAM TABLES AND ENGINE CONSTANTS. 



TABLE OF ENGINE CONSTANTS. 
A X looo + 33000 ■- Constant. Log. 33000 = 4.51851. 



Diam. of 
PUton. 
Inches. 


Area. 


Log. of 
Area. 


Constant for 
one foot 


Constant for 
xoo feet. 


Constant for 
looo feet. 


Log. of 
1000 feet. 


6 


28.274 


I. 45139 


.0008568 


.08568 


.85680 


-1.93288 


% 


30.679 


1.48684 


.00092968 


.092968 


.92968 


-1.96833 


33.183 


1.52092 


.00100556 


.100556 


1.00556 


0.00241 


5^ 


35.784 


1.55369 


.00108437 


.108437 


1.08437 


0.03518 


7 


38.484 


1.58528 


.00116628 


.116628 


I . 16628 


0.06677 


Ji 


41.282 


1*61576 


.00125098 


.125098 


1.25098 


0.09725 




44.178 


I. 64521 


.00133876 


.133876 


1.33876 


0.12670 


3^ 


47.173 


1.67369 


.00142948 


.142948 


1.42948 


0.15518 


8 


50.265 


1.70127 


.00152321 


.152321 


I. 52321 


0.18276 


H 


53.456 


1 . 72800 


.00161991 


. 16199I 


1.61991 


0.20949 


^ 


56.745 


1.75393 


.00171957 


.171957 


I. 71957 


0.23542 


3^ 


60.132 


1.779" 


.00182221 


.182221 


I. 82221 


0.26060 


9 


63.617 


1-80357 


.00192780 


.192780 


1.92780 


0.28506 




67.200 


1.82737 


.0020364 


. 203640 


2.03640 


0.30886 


g 


70.882 


1.85054 


.00214800 


.2x4800 


2 . 14800 


0.33203 


74.662 


I. 87310 


.00226250 


.226250 


2 . 26250 


0.35459 


10 


78.540 


1.89509 


.00238000 


.238000 


2.38000 


0.37658 


^ 


82.516 


I. 91654 


.00250040 


.250040 


2.50040 


0.39800 


Q 


86.590 


1.93747 


.00262400 


. 262400 


2.62400 


0.41896 


% 


go. 762 


1.95790 


.00275036 


• 275036 


2.7503^ 

2.8798tf 


0.43939 


II 


95 033 


1.97787 


.00287980 


.287980 


0.45936 


H 


99.402 


1.99740 


.00301224 


.301224 


3.01224 


0.47889 




103.86 


2.01645 


.00314731 


.314731 


3.14731 


0.49794 


% 


108.43 


2.03515 


.0032858 


.32858 


3.2858 


0.51664 


12 


113.09 


2.05342 


.0034270 


.34270 


3.42700 


o.5349« 


^ 


117.85 


2 07133 


.00357125 


•357125 


3.57125 


0.55282 


H 


122.71 


2.08-J88 


.00371852 


.371852 


3.71852 


0.57037 


% 


127.67 


2.10609 


.00386883 


.386883 


3.86883 


0.58758 


13 


132.73 


2.12297 


.00402216 


.402216 


4.02216 


0.60446 


^ 


137-88 


2.13950 


.0041782 


.417820 


4.17820 


0.62099 


)4 


143.13 


2.15573 


.0043373 


•433730 


4-33730 


0.63722 


K 


148.48 


2.17167 


.00449935 


.449935 


4-49935 


0.65316 


14 


153-93 


2.18732 


.00466455 


-466455 


4.66455 


0.66881 


j^ 


159-48 


2.20271 


.00483281 


.483281 


4.83281 


0.68420 


i4 


165.13 


2.21783 


.00500403 


.500403 


5.00403 


0.69932 


% 


170.87 


2.23267 


•00517797 


.517797 


5.17797 


0.71416 


15 


176.71 


2.24726 


.00535488 


.535488 


5.35488 


0.72875 


H 


182.65 


2.26162 


.00553490 


.553490 


5.53490 


0.7431 1 


li 


188.69 


2.27575 


.00571794 


.571794 


5.71794 


0.75724 


% 


194.82 


2.28963 


.00590364 


.590364 


5.90364 


0.77112 


16 


201.06 


2.30333 


.00609284 


.609284 


6.09284 


0.78842 


H 


207.39 


2.31679 


.00628463 


.628463 


6.28463 


0.79828 


M 


213.82 


2.33005 


.00647948 


.647948 


6.47948 


0.81154 


% 


220.35 


2.34311 


.00667728 


.667728 


6.67727 


0.82460 


17 


226.98 


2.35599 


.00687828 


.687828 


6.87828 


0.83748 


Ya 


233.70 


2.36866 


.00708190 


.708190 


7.08190 


0.85015 


Yi 


240.52 


2.38115 


.00728853 


.728853 


7.28853 


0.86264 


% 


247-45 


2.39349 


.00749860 


.749860 


7.49860 


0.87498 


.18 


254 46 


2.40562 


.00771100 


.771100 


7.71100 


0.88711 


}^ 


261.58 


2.41760 


.00792665 


.792665 


7.92665 


0.89909 


s 


268.80 


2.42943 


.00814554 


.814554 


8.14554 


0.91092 


276.11 


2.44108 


.00836700 


. 836700 


8.36700 


0.92257 


'9, 


283.52 


2.45258 


.00859152 


.859152 


8.59152 


0.93407 


^ 


291.03 


2.46394 


.00S81921 


.881921 


8.81921 


0.94543 




298.64 


2.47515 


.00904982 


.904982 


9.04982 


0.95664 


?! 


306.35 


2.4S622 


.00928346 


.9253346 


9.28346 


0.96771 
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Diun. of 
Piston. 


Area. 


Log. of 


Constent for 


Constant for 


Constant for 


Log. of 


Inches. 


Area. 


one foot. 


100 feet. 


1000 feet. 


1000 reet. 


20 


314. t6 


2.49715 


00952007 


.952007 


9.52007 


0.97864 


K 


322.06 


2.50794 


00975955 


.975955 


9.75955 


0.98943 


J^ 


330.06 


2.51859 


OIOOOOI8 


I. 000018 


10.00018 


1.00008 


/i 


338.16 


2.52912 


OIO24710 


I. 0247 10 


10.24710 


I.OIO61 


21 


346.36 


2.53953 


01049600 


1.049600 


10.49600 


I. 02102 


yi 


354.65 


2.54980 


010747 10 


I. 0747 10 


10.74710 


I. 03129 


J? 


363.05 


2.55997 


01100170 


I.IOOI70 


I I. 00170 


I. 04146 


54 


371-54 


2.57001 


OII25900 


I. 125900 


11.25900 


I. 05150 


22 


380.13 


2.57993 


OII51910 


I.1519IO 


II.51910 


I. 06142 


f 


388.82 


2.58975 


01 1 78250 


I. 178250 


11.78250 


I. 07124 


397.60 


2.59945 


01204870 


I . 204870 


12.04870 


1.08094 


% 


406.49 


2.60905 


OI231800 


I. 231800 


12.31800 


1.09054 


23 


415.47 


2.61854 


OI259010 


I. 259010 


12.59010 


1. 10003 


}i 


424.55 


2.62793 


01286530 


1.286530 


12.8653 


I. 10942 


8 


433.73 


2.63722 


OI314340 


1.314340 


13.14340 


I.II87I 


443 01 


2.64641 


01342450 


I. 342450 


13.42450 


I. 12790 


24 


452.39 


2.65551 


01370900 


I . 370900 


13.70900 


I. 13700 


H. 


461.86 


2.66451 


01399600 


I . 399600 


13.99600 


I. 14600 


^ 


471.43 


2.67342 


01428600 


1.428600 


14.28600 


I. I 5491 


3* 


481.10 


2.68224 


01457910 


I. 457910 


14.57910 


I. 16373 


25 


490.87 


2.69097 


014875 10 


I. 487510 


14.87510 


I.X7246 


% 


500.74 


2.69961 


01 5 1 74fX) 


I. 517400 


15.17400 


I.18UO 


510.70 


2.70817 


01547600 


1.547600 


15.47600 


I. 18966 


%t 


520.76 


2.71664 


01578050 


1.578050 


15.78050 


1.19813 


26 


530.93 


2.72504 


.01608900 


I . 608900 


16.08900 


1.20653 


}i 


541.18 


2.73334 


01639950 


1.639950 


16.39950 


I. 21483 


3^ 


551.54 


2.74158 


01671360 


1.671360 


16.71360 


I . 22307 


% 


562.00 


2.74974 


01703060 


I . 703060 


17.03060 


I. 23123 


*7, 


572.55 


2.75781 


0173500 


1.73500 


17.35000 


1.23930 


M 


583.20 


2.76582 


0176730 


1.767300 


17.67300 


1.24731 


/4 


593.95 


2.77375 


0179986 


1.799860 


17.99860 


1.25524 


% 


604.80 


2.78161 


0183274 


I . 832740 


18.32740 


I. 26310 


28 


615.75 


2.78940 


01865910 


I. 865910 


18.65910 


1.27089 


1^ 


626.79 


2.79712 


01899370 


1.899370 


18.99370 


I. 27861 


^ 


637.94 


2.80478 


01933170 


I. 933170 


19.33170 


1.28627 


% 


649.18 


2.81237 


0196725 I 


I. 96725 I 


19.67251 


1.29386 


29 


660.52 


2.81989 


02001620 


2.001620 


20.01620 


I. 30138 


H 


671.95 


2.82734 


02036240 


2.036240 


20.36240 


1.30883 


^ 


683.49 


2.83473 


0207 1190 


2.071 190 


20.71190 


I. 31622 


?^ 


695.12 


2.84206 


0210644 


2.10644 


21.0644 


1.32355 


30 


706.86 


2.84933 


02142000 


2.142000 


21.42000 


1.33082 




718.69 


2.85654 


02177860 


2.177860 


21.77860 


1.33803 


1/ 


730.61 


2.86369 


02214010 


2.214010 


22.14010 


1.34518 


/£ 


742.64 


2.87078 


02250450 


2.250450 


22.50450 


I 35227 


31 


754.76 


2.87781 


02287120 


2.287120 


22.87120 


1.35930 


K 


766.99 


2.88479 


02324230 


2.324230 


23 . 24230 


1.36628 


'i 


779-31 


2.89r7i 


023615650 


2.3615650 


23.61565 


1.37320 


?^ 


791.73 


2.89858 


02399220 


2.399220 


23.99220 


1.38007 


32 


804.24 


2.90539 


02437140 


2.437140 


24.37140 


1.38688 


K 


816.86 


2.91215 


02475370 


2.475370 


24-75370 


1.39364 


^^ 


829-57 


2.91885 


02513852 


2.513852 


25.13852 


1.40034 


M 


842.39 


2.92551 


02552700 


2.552700 


25.52700 


I . 40700 


33 


855.30 


2.93212 


02591850 


2.591850 


25.91850 


I. 41361 


¥ 


868.30 


2.93867 


02631237 


2.631237 


26.31237 


1.42016 




881.41 


2.94518 


02670976 


2.670976 


26.70976 


1.42667 


?l 


894.61 


2.95163 


02710940 


2.710940 


27.10940 


I. 43312 


3^. 


907-92 


2.95805 


02751310 


2.751310 


27.51310 


1-43954 


Ji 


921.32 


2.96441 


02791900 


2.791900 


27.91900 


1.44590 
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Diam. of 
Piston. 
Inches. 


Area. 


Log. of 


Constant for 


Constant for 


Constant for 


Log. of 


Area. 


one foot. 


100 feet. 


1000 feet. 


1000 feet. 


mK 


934.82 


2.97073 


.02832820 


2.832820 


28.32820 


1.45222 


M 


948.41 


2.97700 


.02874020 


2.874020 


28.74020 


1.45849 


35, 


962.11 


2.98322 


.02915480 


2.915480 


29.15480 


I. 46471 


H 


975.90 


2.98941 


•02957330 


2.957330 


29.57330 


1.47090 


S 


989.80 


2.99555 


.02999440 


2.999440 


29.99440 


1.47704 


1003.70 


3.00160 


.030415180 


3.0415180 


30.41518 


1.48309 


36 


1017.80 


3.00766 


.03084251 


3.084251 


30.84251 


I. 4891 5 


H 


•1032.00 


3.01368 


.03127308 


3.127308 


31.27308 


I. 49517 


1046.30 


3.01966 


.031706610 


3. I 706610 


31.70661 


1.50115 


/i 


1060.70 


3.02559 


.03214252 


3.214252 


32.14252 


1.50708 


37 , 


1075.20 


3.03149 


.03258219 


3.258219 


32.58219 


I. 5 1298 


}4 


1104.40 


3.04313 


.03346720 


3.346720 


33.46720 


I . 52462 


38 


II34.IO 


3.05465 


.03436689 


3.436689 


34.36689 


1.53614 


}i 


I164.IO 


3 06599 


.03527609 


3.527609 


35.27609 


1.54748 


39 . 


1194.50 


3.07719 


.03619762 


3.619762 


36.19762 


1.55868 


H 


1225.40 


3.08828 


.03713388 


3.713388 


37.13388 


1.56977 


4^.. 


1256.60 


3.09920 


.03807941 


3.807941 


38.07941 


1.58069 


yi 


1288.20 


3.10998 


.03903641 


3.903641 


39.03641 


1.59147 


41 


1320.20 


3.12064 


.04000641 


4.000641 


40.00641 


1. 60213 


% 


1352.60 


3.13117 


.04098831 


4.098831 


40.98S31 


1.61260 


42 


1385.40 


314158 


.0419S263 


4.198263 


41.98263 


1.62307 


K 


1418.60 


3.15186 


.04298828 


4.298828 


42.98828 


1.63335 


43,, 


1452.20 


3.16203 


.04400682 


4.400682 


44.00682 


1.64352 


K 


1486.10 


3.17205 


.04503392 


4.503392 


45-03392 


1.65354 


44 


1520.50 


3.18199 


.04607650 


4.607650 


46.07650 


I . 66348 


ji 


1555.20 


3-19179 


.04712810 


4.712810 


47.12810 


1.67328 


45 


1590.40 


3-20151 


.048iq478 


4.819478 


48.19478 


1.68300 


H 


1625.90 


3.21109 


.0492697 


4.92697 


49.2697 


1.69258 


46 


1661.90 


3.22060 


.0503605 


5.03605 


50.3605 


I . 70209 


}^ 


1698.20 


3-22999 


.0514612 


5.I4612 


51.4612 


1.71148 


47 


1734.90 


3.23927 


.0525726 


5.25726 


52.5726 


1 . 72076 


}^ 


1772.00 


3.24846 


.0536970 


5.36970 


53.6970 


1.72995 


48 


1809.50 


3.25756 


.0548340 


5.48340 


54.8340 


1.73905 


. K 


1847.40 


3.26656 


.05S9822 


5.59822 


55.9822 


1.74805 


49 


1885.70 


3.27547 


.0571426 


5.71426 


57.1426 


1.75696 


Ji 


1924.40 


3 28430 


.0583163 


5 83163 


58.3163 


1.76579 


50 


1963.50 


3.29303 


.0595004 


5.95004 


59.5004 


1.77452 


H 


2002.90 


3.30166 


.0606945 


6.06945 


60.69454- 


1.78315 


51 


2042 . 80 


3.31023 


.0619042 


6.19042 


61.9042 


I. 79172 


}^ 


2083.00 


3.31869 


.0631218 


6.31218 


63.1218-I- 


I. 80018 


52' 


2123.70 


3.32709 


.0643546 


6.43546 


64.3546 


1.80858 


H 


2164.70 


3.33540 


.0655979 


6.55979 


65.5979 


I. 81689 


53 


2206.10 


3-343^3 


.0668528 


6.68528 


66.8528 


1. 82512 


}i 


2248.00 


3.35180 


.0681224 


6.81224 


68.1224 


1.83329 


54 


2290.20 


3.35984 


.0693953 


6.93953 


69.3953 


I. 84133 


}2^ 


2332.80 


3.36788 


.0706919 


7.06919 


70.6919 


1.84937 


55, 


2375.80 


3.37581 


.0719946 


7.19946 


71.9946 


1.85730 


'A 


2419.20 


3.38367 


.0733094 


7.33094 


73.3og4 


1.86516 


56 


2463.00 


3.39146 


.0746362 


7.46362 


74.6362 


1.87295 


^2 


2507.10 


3.39917 


.0759731 


7.59731 


75.9731 


I . 88066 


57 


2551.70 


3.40683 


.0773250 


7.73250 


77.3250 


1.88832 


}4 


2596.70 


3 41442 


.0786882 


7.86882 


78.6882 


I. 89591 


58 


2642.00 


3-42193 


.0800608 


8.00608 


80.0608 


1.90342 


H 


2687.80 


3.42940 


.0814497 


8.14497 


81.4497 


I. 91089 


59_ 


273390 


3.43678 


.0828457 


8.28457 


82.8457 


I. 91827 


.>^ 


2780.50 


3.44412 


.0842558 


8.42558 


84.2558 


I. 92561 


60 


2827.40 


3.45139 


.0856801 


8.56801 


85.6801 


1.93288 


M 


2874.76 


3.458O0 


.0871150 


8. 71 1 50 


87.1150 


1.94009 
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Diam. of 
Piston 


Area. 


Log. of 


Constant for 


Constant for 


Constant for 


Log. of 


Inches'. 




Area. 


one foot. 


100 feet. 


1000 feet. 


1000 feet. 


6l 


2922.47 


3.46575 


.0885605 


8.85605 


88.5605 


1.94724 


62 


3019.08 


3.47987 


.0914871 


9. 1487I 


91.4871 


I. 961 36 


63 


3117.25 


3.49377 


.0944626 


9.44626 


94.4626 


1.97526 


64 


3217.0 


3.50745 


.0974855 


9.74855 


97.4855 


1.98894 


5! 


3318.31 


3.52092 


.1005542 


10.05542 


100.5542 


2.00241 


66 


3421.20 


3.53418 


.1036740 


10.36740 


103.6740 


2.01567 


67 


3525.66 


3.54724 


. 1068392 


10.68392 


106.8392 


2.02873 


68 


3631.69 


3.5601I 


.1100525 


11.00525 


110.0525 


2.04160 


69 


3739.29 


3.57279 


.II33131 


II.3313I 


II3.313I 


2.05428 


70 


3848.46 


3.58529 


.1166218 


II. 66218 


116. 6218 


2.06678 


71 


3959.20 


3.59761 


.1199777 


n. 99777 


119 9777 


2.07910 


72 


4071.51 


3.60975 


.1233788 


12.33788 


123.3788 


2.09124 


73 


4185.39 


3.62174 


.1268323 


12.68323 


126.8323 


2.10323 


74 


4300.84 


3.63356 


.1303318 


13.03318 


130.3318 


2. I 1505 


75 


4417.87 


3.64522 


.1138752 


13.38752 


133.8752 


2.I267I 


76 


4536.47 


3.65672 


.1374708 


13.74708 


137.4708 


2.13821 


77 


4656.64 


3.66807 


.141 I 108 


14.11108 


141.1108 


2.I495S 


78 


4778.37 


3.67928 


.1448005 


14.48005 


144.8005 


2.16077 


79 


4901.68 


3.69035 


.I4S5388 


14.85388 


148.5388 


2.I7184 


80 


5026.56 


3.70127 


.1523215 


15.23213 


152.3213 


2.18276 


81 


5153.01 


3.71206 


.1561528 


15.61528 


156.1528 


2.19355 


82 


5281.03 


3.72272 


.1600332 


16.00332 


160.0332 


2.20421 


83 


5410.62 


3.73325 


.1639609 


16.39609 


163.9609 


2.21474 


84 


5541.78 


3.74365 


• 1679343 


16.79343 


167.9343 


2.22514 


85 


5674- 51 


3.75393 


.1719570 


17.19570 


171.9570 


2.23542 


86 


5808.82 


3.76409 


.1760272 


17.60272 


176.0272 


2.24558 


87 


5944.69 


3.77413 


.1801441 


18.01441 


180.1441 


2.25562 


88 


6082.14 


3.78405 


.1843630 


18.43630 


184.3630 


2.26554 


89 


6221.15 


3.79387 


.188521 


18.8521 


188.5210 


2.27536 


90 


6361.74 


3.80357 


.192780 


19.2780 


192.7800 


2.28506 


91 


6503.90 


3.81317 


.197090 


19.7090 


197.0900 


2.29466 


92 


6647.63 


3.82266 


.201440 


20.1440 


201.4400 


2.30415 


93 


6792.92 


3.83206 


.205850 


20. 5850 


205 . 850 


2.31355 


94 


6939.79 


3.84135 


.210300 


21.0300 


210.300 


2.32284 


9| 


7088.24 


3.85054 


.214800 


21.4800 


214.800 


2.33203 


96 


7238.25 


3.85963 


.219340 


21.9340 


219.340 


2.34II2 


97 


7389.83 


3.86863 


.22393 


22.3930 


223.930 


2.35012 


98 


7542.98 


3.87754 


.22857 


22.8570 


228.570 


2.35903 


99 


7697.71 


3.88636 


.23327 


23.3270 


233 . 270 


2.36785 


100 


7854.00 


3.89509 


.238000 


23.8000 


238.000 


2.37658 


lOI 


8011.87 


3.90373 


.242790 


24.2790 


242.790 


2.38522 


102 


8171.30 


3.91229 


.247610 


24.7610 


247.610 


2.39378 


103 


8332.31 


3.92076 


.252490 


25.2490 


252.490 


2.40225 


104 


8494.89 


3.92916 


•257430 


25 7430 


257.430 


2.41065 


105 


8659.03 


3.93747 


. 262400 


20.2400 


262 . 400 


2.41896 


106 


8824.75 


3.94570 


. 267420 


26.7420 


267 . 420 


2.42719 


107 


8992.04 


3.95386 


.272490 


27,2490 . 


272.490 


2.43535 


108 


9160.91 


3.96194 


.277610 


27.7610 


277.610 


2.44343 


109 


9331.34 


3.96994 


.282760 


28.2760 


282 . 760 


2.45143 


no 


9503.34 


3-977^8 


.287990 


28.7990 


287.990 


2.45937 


III 


9676.91 


3.98574 


.293250 


29.3250 


293.250 


2.46723 


112 


9852.06 


3-99353 


.298550 


29.8550 


298.550 


2.47502 


"3 


10028.77 


4.00126 


.303910 


30.3910 


303-910 


2.48275 


114 


10207.06 


4.00890 


.309310 


30.9310 


309.310 


2.49039 


115 


10386.91 


4.01649 


.314760 


31.4760 


314.760 


2.49798 


n6 


10568.34 


4.0241 1 


. 320260 


32.0260 


320.260 


2.50550 


117 


10751.34 


4.03146 


.3258^^6 


32.5806 


325.806 


2.51296 
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TABLE OF THE PRESSURE, TEMPERATURE, VOLUME AND DENSITY 
OF SATURATED STEAM. 



Col. I.— Absolute Pressure. 
'* a.— Steam Gauge Pressure. 
** 3.— Temperature at Pressure, in F*. 
** 4.— Specific Volumis, or Cubic Feet in a 

Pound. 
" 5. — Log. of Specific Volume. 



Col. 6.— Weight of One Cubic Foot, or Density, 

in Pounds. 
** 7. — Log. of Density, —10. 
** 8.— Relative Volume or Cubic Feet, from 

One Cubic Foot Water. 
'* 9. — Log. of Relative Volume. 
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I 


-13.7 


102.041 


319.600 


2.50461 


.OO312S9 


7.49539 


19951.20 


4.29997 


2 


-12.7 


126.310 


172.417 


2.23658 


.005799 


7.76342 


10763.21 


4.03194 


3 


-11.7 


141.628 


117.723 


2.07086 


.0084946 


7.92914 


7348.90 


3.86622 


4 


-10.7 


153066 


89.799 


I 95327 


.011136 


8.04673 


5605.70 


3.74863 


5 


- 9.7 


162.337 


72.792 


I . 86208 


•013738 


8.13792 


4544.00 


3.65744 


6 


- 8.7 


170.132 


61. 311 


1.78754 


.016318 


8.21246 


3827.40 


3.58290 


7 


- 7-7 


176.929 


53.000 


1.72428 


.018868 


8.27572 


3308.60 


3.51964 


8 


- 6.7 


182.919 


46.771 


1.66998 


.021381 


8.33002 


2919.70 


3.46534 


9 


- 5.7 


188.326 


41.858 


I. 62178 


.023820 


8.37822 


2613.00 


3.41714 


10 


- 4.7 


193.301 


37.904 


1.57868 


.026383 


8.42132 


2366.16 


3.37404 


II 


- 3.7 


197.769 


34.659 


I. 53981 


.028853 


8.46019 


2163.60 


3.33517 


12 


- 2.7 


201.958 


31.932 


1.50423 


.031316 


8 49577 


1993.40 


3-29959 


13 


- 1.7 


205 . 889 


29.593 


I. 47118 


•033793 


8.52882 


1847.32 


3 26^-54 


14 


- .7 


209.610 


27.624 


1.44128 


.036201 


8.55872 


1724.40 


3.23664 


14.7. 


.0 


212.000 


26.360 


1.42095 


.037936 


8.57905 


1645.55 


3.21631 


15 


+ .3 


213.036 


25.858 


I. 41260 


.038672 


8.58740 


1614.21 


3.20796 


16 


1.3 


216.298 


24.335 


1.38622 


.041094 


8.01378 


1519.10 


3.18158 


17 


2.3 


219.428 


22.985 


I. 36144 


.043507 


8.63856 


1434.83 


3.15680 


18 


3.3 


222.414 


21.781 


1.33808 


.045911 


8.66192 


1359.70 


3-13344 


19 


4.3 


225.213 


20.701 


I. 31598 


.048308 


8.68402 


1292.20 


3.i"34 


20 


5.3 


227.919 


19-725 


I. 29501 


.050698 


8.70499 


1231.32 


3.09037 


21 


6.3 


230.511 


18.839 


1.27507 


.053080 


8.72493 


1176.10 


3.0704? 


22 


7.3 


233.014 


18.033 


I . 25606 


.055455 


8.74394 


1125.70 


3.05142 


23 


8.3 


235.433 


17.293 


1.23788 


.057826 


8.76212 


1079.60 


3.03324 


24 


9.3 


237.757 


16.615 


I . 22049 


.060188 


8.77951 


1037.20 


3.01585 


25 


10.3 


240.070 


15.988 


I . 20380 


.062546 


8.79620 


998.07 


2.99916 


26 


11.3 


242.185 


15.409 


1.18778 


.064896 


8.81222 


961.93 


2.98314 


27 


12.3 


244.289 


14.871 


I. 17235 


.067244 


8.82765 


928.35 


2.96771 


28 


13.3 


246.336 


14.371 


I. 15748 


.069586 


8.84252 


897.10 


2.95284 


29 


14.3 


248.316 


13.904 


1.14313 


.071924 


8.85687 


867.94 


2.93849 


30 


15.3 


250.254 


13.467 


I. 12928 


.074254 


8.87072 


840. 70 


2.92464 


31 


16.3 


252.118 


13.058 


I. 11588 


.076581 


8.88412 


815.16 


2.91124 


32 


17.3 


253.942 


12.674 


I . 10290 


.078905 


8.89710 


791.16 


2.89826 


33 


18.3 


255.726 


12.312 


1.09032 


.081224 


8.90968 


768.57 


2.88568 


34 


19-3 


257.470 


11.971 


I. 07812 


•083537 


8.92188 


747.28 


2.87348 


35 


20.3 


259.172 


11.649 


1.06627 


.085848 


8.93373 


727.16 


2.86163 


36 


21.3 


260.829 


11.344 


1.05476 


.088154 


8.94524 


708.14 


2.85012 


37 


22.3 


262.451 


11.055 


1.04358 


.090453 


8.95642 


690.15 


2.83894 


38 


23.3 


264.039 


10.756 


1.03166 


.092970 


8.96834 


671.47 


2.82702 


39 


24.3 


265.599 


10.521 


1.02204 


.095052 


8.97796 


656.75 


2.81740 


40 


25.3 


267.124 


10.259 


I.OII22 


•097450 


8.98878 


640.59 


2.80658 


41 


26.3 


268.614 


10.037 


I. 00160 


.099633 


8.99840 


626.55 


2.79696 


42 


27-3 


270.071 


9.8119 


.99175 


. 101920 


9.00825 


612.51 


2.78711 


43 


28.3 


271. 5" 


9.596S 


.98212 


. 104200 


9.01788 


599.08 


2.77748 


44 


29.3 


272.921 


9-39M 


.97273 


. IC6480 


9.02727 


586.26 


2.76809 


45 


30.3 


274.294 


9.1966 


.96363 


.10873 


9-03637 


574.10 


2.75899 
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46 


31.3 


275.654 


9.0066 


.95456 


.HI03 


9.04544 


562 . 24 


2.74992 


47 


32.3 


276.995 


8.8262 


.94577 


.11330 


9.05423 


550.97 


2.74113 


48 


33-3 


278.291 


8.6531 


•93717 


.11557 


9.06283 


540.17 


2.73253 


49 


34-3 


279.584 


8.4872 


.92876 


.11783 


9.07124 


529.81 


2.72412 


50 


35.3 


280.849 


8.3268 


.92048 


.12009 


9-07952 


519-81 


2.71584 


51 


36.3 


282.104 


8.1730 


.91238 


.12235 


9.08762 


510.20 


2.70774 


52 


37.3 


283.321 


8.0251 


-90445 


.12461 


9-09555 


500.97 


2.69981 


53 


38.3 


284.535 


7.8825 


.89666 


. 12687 


9- 10334 


492.06 


2.69202 


54 


39-3 


285.7x9 


7.7450 


.88902 


.12911 


9.11098 


483.48 


2.68438 


55 


40.3 


286.896 


7.6124 


.88153 


.13136 


9.11847 


475-21 


2.67689 


56 


41.3 


288.047 


7.4844 


.87416 


. 13361 


9.12584 


467.22 


2.66952 


57 


42.3 


.289.114 


7-3607 


.86692 


.13586 


9.13308 


459-49 


2.66228 


58 


43.3 


290.312 


7.2412 


.85981 


.13810 


0.14019 


452.03 


2.65517 


59 


44.3 


291.421 


7.1258 


.85283 


.14034 


9.14717 


444-83 


2.64819 


60 


45.3 


292.526 


7-0139 


.84596 


.14257 


9.15404 


437.84 


2.64132 


61 


46.3 


293.594 


6.9054 


.83919 


.14481 


9.1608X 


431.07 


2.63455 


62 


47.3 


294.659 


6.8008 


.83256 


.14704 


9.16744 


424-54 


2.62792 


63 


48.3 


295.710 


6.6990 


.82601 


.14928 


9-17399 


418.19 


2.62137 


64 


49-3 


296.756 


6.6006 


.81958 


.15150 


9.18042 


412.04 


2.61494 


65 


50.3 


297.779 


6.5050 


.81325 


.15372 


9.18675 


406.08 


2.6o36i 


66 


51.3 


298.788 


6.4121 


.80700 


-15595 


9.19300 


400.28 


2.60236 


67 


52.3 


299.791 


6.3220 


.80085 


.15818 


9.19915 


394 65 


2.59621 


68 


53.3 


300.777 


6.2345 


.79480 


.16040 


9.20520 


389.19 


2.59016 


69 


54.3 


301.756 


6.1494 


.78883 


. 16262 


9.21117 


383-88 


2.58419 


70 


55.3 


302.721 


6.0667 


-78295 


. 16484 


9.21705 


378.71 


2.57831 


71 


56.3 


303.673 


5.9862 


.77715 


.16705 


9.22285 


373-69 


2.57251 


72 


57.3 


304.617 


5.9079 


-77143 


.16927 


9.22857 


368.80 


2.56679 


73 


58.3 


305.552 


5.8318 


.76580 


.17148 


9.23420 


364.05 


2.56116 


74 


59-3 


306.474 


5.7576 


.76024 


.17368 


9.23976 


359-42 


2.55560 


75 


60.3 


307.388 


5.6840 


.75465 


.17594 


9- 24535 


354.82 


2.55001 


76 


61.3 


308.294. 


5-6143 


-74933 


.17810 


9.25067 


350.50 


2.54469 


77 


62.3 


309.186 


5-5461 


-74399 


.18030 


9.25601 


346.22 


2.53935 


78 


63.3 


310.072 


5 4792 


.73872 


.18251 


9.26128 


342.04 


2.53408 


79 


64.3 


310.945 


5-4138 


-73350 


.18471 


9.26650 


337.96 


2.52886 


80 


65.3 


311.814 


5.3423 


.72773 


.18718 


9.27227 


333-50 


2.52309 


8x 


66.3 


312.672 


5.2879 


.72328 


.18911 


9.27672 


330.09 


2.51864 


82 


67.3 


313.524 


5.2273 


.71828 


.19130 


9.28172 


326.32 


2.51364 


83 


68.3 


314.359 


5.1679 


.71331 


. 19350 


9.28669 


322.61 


2.50867 


84 


69.3 


315.200 


5.1100 


.70842 


.19569 


9.29158 


318.98 


2.50378 


85 


70.3 


316.009 


5.0535 


•70359 


.19788 


9.29641 


315-45 


2.49895 


86 


71.3 


316.843 


4.9982 


.69881 


.20007 


9.30119 


312.01 


2.49417 


87 


72.3 


317.651 


4-9439 


.69407 


.20227 


9 30593 


308.63 


2.48943 


88 


73-3 


318.455 


4.8910 


.68940 


.20446 


9.31060 


305.32 


2.48476 


89 


74.3 


319252 


4.8394 


.68479 


.20664 


9.31521 


302 . 10 


2.48015 


90 


75.3 


320.042 


4.7887 


.68022 


.20882 


9.31978 


298.94 


2.47558 


91 


76.3 


320.819 


4-7393 


.6757' 


.2rioi 


9.32429 


295.85 


2.47107 


92 


77.3 


321.596 


4.6907 


.67124 


.21318 


9.32876 


292 . 82 


2.46660 


93 


78.3 


322 . 369 


4.6433 


.66683 


.21536 


9-33317 


289.86 


2.46219 


94 


79-3 


323.131 


4 5965 


.66245 


•21755 


933755 


286.95 


2.45781 


95 


80.3 


323.887 


4-5512 


.65813 


.21972 


9-34187 


284.11 


2.45349 


96 


81.3 


324 . 629 


4.5066 


•653^5 


.22190 


9 3461 5 


281.34 


2.44921 


97 


82.3 


325.382 


4.4627 


.64960 


.27408 


9.35040 


278.59 


2.44496 


98 


83.3 


326.111 


4.4199 


.64541 


.22625 


9-35459 


275.91 


2.44077 
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99 


84.3 


326.848 


4.3778 


.64126 


.22843 


9.35874 


273.29 


2.43662 


lOO 


85.3 


327.576 


4.3367 


.63716 


.23059 


9.36284 


270.72 


2.43253 


I 


86.3 


328.284 


4.202 


.63308 


.23277 


9.36692 


268.19 


2.42844 


2 


87.3 


329.002 


4 2566 


.62906 


.23493 


9.37094 


265.72 


2.42442 


3 


88.3 


329.711 


4.2175 


.62506 


.23711 


9-37494 


263.38 


2.42042 


4 


89.3 


330.423 


4.1796 


.62113 


.23926 


9.37887 


260.91 


2.41649 


5 


90.3 


331.117 


4.1421 


.61722 


.24143 


9.38278 


258.57 


2.41258 


6 


91.3 


331-814 


4.1053 


.61334 


.24359 


9.38666 


256.27 


2.40870 


7 


92.3 


332.498 


4.0691 


.60950 


.24576 


9.39050 


254.02 


2 . 40486 


8 


93.3 


333.177 


4.0339 


.60572 


.24790 


9.39428 


251.82 


2.40108 


9 


94-3 


333 859 


3.9988 


.60193 


.25008 


9.39807 


249.62 


2.39729 


no 


95.3 


334.528 


3.9646 


.59820 


.25223 


9.40180 


247.49 


2.39356 


II 


96.3 


335. 199 


3.9311 


.59451 


.25439 


9.40549 


245.40 


2.38987 


12 


97-3 


335.857 


3.8979 


.59083 


.25655 


9.40917 


243.33 


2.38619 


13 


98.3 


336.521 


3-8654 


.58719 


.25871 


9.41281 


241.29 


2.38255 


14 


99.3 


337.166 


3.8336 


.58361 


.26085 


9.41639 


239- 32 


2.37897 


15 


100.3 


337.821 


3.8022 


.58003 


. 26301 


9.41997 


237.35 


2.37539 


i6 


101.3 


338.462 


3.7713 


.57649 


.26516 


9-42351 


235.43 


2.37185 


17 


102.3 


339.108 


3.7409 


.57298 


.26731 


9.42702 


233.53 


2.36834 


i8 


103.3 


339-733 


3.7111 


.56950 


.26947 


9-43050 


231.66 


2.36486 


19 


104.3 


340.364 


3.6818 


.56606 


.27161 


9.43394 


229.84 


2.36142 


X20 


105.3 


340.991 


3.6528 


. 56263 


.27376 


9^43737 


228.03 


2.35799 


21 


106.3 


341-621 


3.6244 


.55924 


•27591 


9.44076 


226.26 


2.35460 


22 


107.3 


342.242 


3.5965 


.55588 


.27805 


9-44412 


224.51 


2.35124 


23 


108.3 


342.858 


3.5689 


•55253 


. 28020 


9.44747 


222.79 


2.34789 


24 


109.3 


343.468 


3.5419 


.54924 


.28233 


9.45076 


221.11 


2.34460 


25 


no. 3 


344.077 


3.5151 


.54594 


.28449 


9.45406 


219-43 


2.34130 


26 


III. 3 


344 673 


3 4889 


.54269 


.28662 


9-45731 


217.80 


2.33805 


27 


112. 3 


345-281 


3.4631 


.53947 


.2S876 


9-46053 


216.19 


2.33483 


28 


113. 3 


345.877 


3-4376 


.53626 


.29090 


9-46374 


214.60 


2.33162 


29 


114. 3 


346.455 


3.4125 


.53307 


.29304 


9.46693 


213.03 


2.32843 


130 


115. 3 


347-056 


3.3878 


.52992 


.29518 


9.47008 


211.49 


2.32528 


31 


116.3 


347-641 


3-3634 


.52678 


' .29732 


9-4732'i 


209.96 


2.32214 


32 


117.3 


348.229 


3.3395 


.52368 


.29945 


9.47632 


208.47 


2.31904 


33 


118. 3 


348. 8n 


3.3159 


.52060 


.30158 


9.47940 


207.00 


2.31596 


34 


119. 3 


349.388 


3 2925 


.51752 


.30373 


9.48248 


205.53 


2.31288 


35 


120.3 


349 954 


3 2695 


.51448 


.30586 


948552 


204.10 


2.30984 


36 


121. 3 


350.523 


3-2470 


.51148 


.30798 


9.48852 


202.69 


2.30684 


37 


122.3 


351-091 


3.2246 


. 50848 


.31011 


9.49152 


201.30 


2.30384 


38 


123.3 


351-755 


3.2027 


.50551 


.31224 


9-49449 


199-93 


2.30087 


39 


124.3 


352.214 


3- 1809 


.50255 


•31438 


9.49745 


198.57 


2.29791 


140 


125.3 


352.766 


3.1596 


.49963 


.31650 


9.50037 


197.24 


2.29499 


41 


126.3 


353.314 


3-1385 


.49672 


.31863 


9.50328 


195-47 


2 . 29208 


42 


127.3 


353.866 


3-I176 


.49382 


.32076 


9.50618 


194.62 


2.28918 


43 


128.3 


354-411 


3-0971 


.49095 


.32289 


9.50905 


193.33 


2.28631 


44 


129.3 


354-9*^8 


3.0768 


.48S10 


.32501 


9.51190 


192.07 


2 . 28346 


45 


130.3 


355.508 


3.0569 


.48528 


.32713 


9.51472 


190.83 


2.28064 


46 


131.3 


356.031 


3.0373 


.48248 


.32925 


9.51752 


189.60 


2.27784 


47 


132.3 


356.566 


3.0178 


.479<>9 


•33137 


9.52031 


188.39 


2.27505 


48 


133.3 


357.111 


2.9988 


.47095 


•33347 


9 52305 


187.20 


2.27231 


49 


134.3 


357.633 


2.9800 


.47421 


•33558 


952579 


186.02 


2.26957 


150 


135.3 


358.166 


2.9614 


•47150 


.33768 


9.52850 


184.87 


2.26686 
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151 


136.3 


358.688 


2.9427 


.46875 


•33982 


9.53125 


183.70 


2.26411 


52 


137.3 


359.205 


2.9244 


.46604 


•34195 


9.53396 


182.56 


2.26x40 


53 


138.3 


359.722 


2.9061 


.46331 


.34441 


9.53669 


181. 41 


2.25867 


54 


1393 


360.239 


2.8884 


.46066 


.34621 


9-53934 


180.31 


2.25602 


55 


140.3 


360.744 


2.8716 


.45812 


.34824 


9.54^88 


179.26 


2-25348 


56 


141. 3 


361.256 


2.8537 


.45541 


.35042 


9.54459 


178.14 


2.25077 


57 


142.3 


361.762 


2.8370 


.45285 


•35249 


9.54715 


177.10 


2.24821 


58 


143-3 


362.277 


2.8198 


.45021 


.35464 


9.54979 


176.02 


2.24557 


59 


144.3 


362.776 


2.8040 


.44778 


•35663 


9.55222 


17504 


2.24314 


160 


145.3 


363.278 


2.7878 


.44526 


.35871 


9.55474 


174.03 


2.24062 


61 


146.3 


363-777 


2.7701 


.44250 


.36099 


9.55750 


172.93 


2.23786 


62 


147.3 


364.272 


2.7558 


.44024 


.36288 


9.55976 


172.03 


2.23560 


63 


148.3 


364.771 


2.7379 


•43741 


.36525 


9.56259 


170.91 


2.23277 


64 


M9-3 


365.261 


2.7225 


.43497 


.36731 


9-56503 


169.95 


2.23033 


65 


150.3 


365.739 


2.7067 


.43244 


.36945 


9.56756 


168.97 


2.22780 


66 


151. 3 


366.236 


2.6914 


.42998 


.37156 


9.57002 


168.02 


2.22534. 


67 


152.3 


366.721 


2.6764 


.42754 


.37365 


9-57246 


167.07 


2.22290 


68 


153.3 


367 . 202 


2.6618 


.42518 


.37568 


9.57482 


166.17 


2.22054 


69 


154.3 


367.684 


2 . 6464 


.42265 


.37788 


9^57735 


165.20 


2.21801 


170 


I5'>.3 


368.162 


2.6333 


.42045 


.37980 


9^57955 


164.36 


2.21581 


71 


156.3 


36S.636 


2.6172 


.41783 


.38209 


9^582i7 


163.38 


2.21319 


72 


157.3 


369.109 


2.6035 


-41555 


.38411 


9-58445 


162.52 


2.21091 


73 


158.3 


369.576 


2.5890 


•41313 


.38625 


9.58687 


161.62 


2 . 20849 


74 


159.3 


370.045 


2.5751 


.41079 


.38834 


9.58921 


160.75 


2.20615 


75 


160.3 


370.514 


2.5613 


.40845 


.39044 


9.59155 


159.89 


2.20381 


76 


161. 3 


370.982 


2.5473 


.40608 


.39257 


9-59392 


159-02 


2.20144 


77 


162.3 


371-448 


2.5?38 


.40378 


. 39466 


9.59622 


158.18 


2.I9914 


78 


163.3 


37I-9U 


2.5215 


.40165 


.39660 


9.59835 


157.40 


2. I 9701 


79 


164.3 


372.367 


2.5073 


.39920 


.39884 


9.60080 


156.52 


2.19456 


180 


165.3 


372.824 


2.4943 


.39695 


.40091 


9.60305 


155-71 


2.I923I 


81 


166.3 


373.277 


2.4806 


.39455 


.40313 


9.60545 


154-85 


2.1899I 


82 


167.3 


373-737 


2.4686 


•39245 


.40509 


9.60755 


154.10 


2.18781 


83 


168.3 


374-188 


2.4556 


•39015 


•40724 


9.60985 


153-29 


2.1855I 


84 


169.3 


374-639 


2.4432 


.38795 


.40931 


9.61205 


152.52 


2.1833I 


85 


170.3 


375-088 


2.4308 


•38575 


•41139 


9.61425 


151-74 


2.181II 


86 


171. 3 


375 536 


2.4185 


.38355 


.41348 


9.61645 


150.98 


2. 1 7891 


87 


172.3 


375-978 


2 . 4063 


•38135 


.41558 


9.61865 


150.21 


2.I767I 


88 


173-3 


376.416 


2.3942 


.37915 


.41769 


9.62085 


149-45 


2.17451 


89 


174-3 


376.843 


2.3826 


-37705 


.41971 


9.62295 


148-73 


2.1724I 


190 


175.3 


377.299 


2.3705 


.37485 


.42184 


9.62515 


147-98 


2.I7021 


91 


170.3 


377-729 


2.3586 


•37265 


.42399 


9-62735 


147-23 


2. I 6801 


92 


177-3 


378.163 


2.3472 


.37055 


.42604 


9.62945 


146.52 


2.16591 


93 


178.3 


378.591 


2.3359 


.36S45 


.42811 


9-63155 


145 ■?2 


2.16381 


94 


179-3 


379.021 


2.3241 


.36625 


.43028 


9.63375 


145-08 


2.16161 


95 


180.3 


379-457 


2.3129 


.36415 


.43236 


9.63585 


144.38 


2. 1 5951 


96 


181.3 


379-983 


2.3022 


.36215 


.43436 


9.63785 


143-72 


2.I575I 


97 


182.3 


3^0.310 


2.2906 


.35995 


.43657 


9 . 64005 


142.99 


2.I553I 


98 


183.3 


380.729 


2.2795 


.35785 


.43777 


9.64215 


142.30 


2.I532I 


99 


184.3 


381.160 


2 . 2696 


.35595 


.44061 


9.64405 


141.68 


2.I513I 


200 


185.3 


381.576 


2.2586 


.35385 


.44274 


9.64615 


141.00 


2. 1492 I 


I 


186.3 


38i.g94 


2.2488 


•35194 


.44469 


9.64806 


140.39 


2.14730 


2 


187.3 


382. 40S 


2.2385 


•34995 


.44674 


9.65005 


139.73 


2.I453I 


3 


188.3 


3S2.821 


2.2272 


•34775 


.44900 


9.65225 


139.03 


2.I43II 



PRA VS STEAM TABLES AND ENGINE CONSTANTS, 
PRESSURE. TEMPERATURE, ETC., OF ST ZAU.— Concluded. 



75 



1 


t 


S 


4 


ft 


6 


7 


8 


9 














-10, 






204 


189.3 


383.240 


2.2169 


.34575 


.45108 


9.65425 


138.40 


2.14111 


5 


19O/3 


383.660 


2.2047 


.34335 


.45358 


9.65665 


137 63 


2.13871 


6 


191-3 


384.070 


2.1966 


•34175 


•45525 


9.65825 


137.12 


2.13711 


7 


192.3 


384.480 


2.1865 


•33975 


•45735 


9.66025 


136.49 


2.13511 


8 


193.3 


384.894 


2.1769 


.33785 


.45936 


9.66215 


135.90 


2.13321 


9 


194.3 


085.287 


2.1669 


.33585 


.46148 


9.66415 


135.27 


2.13121 


210 


195-3 


385.671 


2.1570 


.33385 


.46361 


9.66615 


134-65 


2.12921 


II 


196.3 


386.122 


2.1476 


•33195 


•46564 


9.66805 


13406 


2.12731 


12 


197.3 


386.522 


2.1387 


•33015 


.46757 


9.66985 


133-51 


2.12551 


13 


198.3 


386.922 


2.1284 


.32805 


.46984 


9.67195 


132.86 


2.1234I 


14 


199.3 


387.326 


2.II91 


.32615 


•47190 


9.67385 


132.29 


2.1215I 


15 


200.3 


387.724 


2.1098 


.32425 


.47397 


9-67575 


131.71 


2.I1961 


16 


201.3 


388.162 


2. ion 


.32245 


.47594 


9-67755 


131.16 


2.II781 


17 • 


202.3 


388.512 


2.0919 


.32055 


.47802 


9.67945 


130.59 


2.II591 


18 


203.3 


388.904 


2.0828 


.31865 


.48012 


9.68135 


130.02 


2.II401 


19 


204.3 


389.196 


2.0737 


.31675 


.48223 


9.68325 


129.45 


2.1I2II 


220 


205.3 


389.584 


2.0647 


.31485 


.48434 


9.68515 


128.89 


2.II02I 


21 


206.3 


3go.07i 


2.0557 


.31295 


.48646 


9.68705 


128.33 


2.10831 


22 


207.3 


390.460 


2.0476 


.31125 


.48837 


9.68875 


127.82 


2.io66i 


23 


208.3 


390.858 


2.0387 


•30935 


.49051 


9.69065 


127.27 


2.IO47I 


24 


209.3 


391.241 


2.0303 


.30755 


•49255 


9.69245 


126 74 


2.IO29I 


25 


210.3 


391.633 


2.0219 


•30575 


.49460 


9.69425 


126.22 


2.IOIII 


26 


211. 3 


391.992 


2.0131 


.30385 


.49676 


9.69615 


125.66 


2.09921 


27 


212.3 


392.390 


2-0047 


.30205 


.49883 


9-69795 


125.14 


2.09741 


28 


213.3 


392.823 


1.9964 


.30025 


.50090 


9.69975 


124.63 


2.09561 


29 


214.3 


393.156 


1.9386 


.29855 


. 50286 


9.70145 


124.14 


2.09391 


230 


215.3 


393.533 


1.9800 


.29665 


.50507 


9.70335 


123.60 


2.09201 


31 


216.3 


393.913 


1.9722 


.29495 


.50705 


9.70505 


123.12 


2.09031 


32 


217.3 


394.283 


I. 9641 


.29315 


.50916 


9.70685 


122.61 


2.08851 


33 


218.3 


394-662 


1.9568 


•29155 


.51104 


9.70845 


122.16 


2.08691 


34 


219.3 


395.036 


1.9483 


.28965 


.51328 


9.71035 


121.62 


2.08501 


35 


220.3 


395 405 


1.9407 


.28795 


.51529 


9.71205 


121.15 


2.08331 


36 


221.3 


395.770 


1.9326 


.28615 


.51743 


9^71385 


120.65 


2.0815I 


37 


222.3 


396.141 


I. 9251 


.28445 


.51946 


9.71555 


120.17 


2.07981 


38 


223.3 


396.510 


I. 9171 


.28265 


.52162 


9.71735 


"9 67 


2.07801 


39 


224.3 


396.888 


1.9096 


.28095 


.52367 


9.71905 


119.21 


2.07631^ 


240 


225.3 


397.252 


1.9022 


.27925 


.52572 


9.72075 


"8.75 


2.07461 


41 


226.3 


397.612 


1.8952 


.27765 


.52765 


9.72235 


118. 31 


2.07301 


42 


227.3 


397.964 


1.8873 


.27585 


.52985 


9.72415 


117.82 


2.0712I 


43 


228.3 


395-340 


1.8804 


.27425 


.53181 


9^72575 


117.39 


2.06961 


44 


229.3 


398.688 


1.8727 


.27245 


.53401 


9.72755 


116.90 


2.06781 


45 


230.3 


399061 


1.8662 


.27095 


.53586 


9.72905 


116.50 


2.06631 


46 


231.3 


399-412 


1.8589 


.26925 


.53796 


9.73075 


116.04 


2.06461 


47 


232.3 


399.762 


I. 8516 


•26755 


.54007 


9.73245 


115.59 


2.06291 


48 


233.3 


400.131 


1.8447 


.26595 


.54206 


9.73405 


115. 16 


2.0613I 


49 


234.3 


400 482 


1.8376 


.26425 


.54419 


9^73575 


114. 71 


2.05961 


250 


235.3 


400.832 


1.8309 


.26265 


.54620 


9-73735 


114.29 


2.05801 
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64 


1^1 s 


i 


8 « ♦o ft 

|2.S2»3 




1^1 


40 


54.906 


I. 73961 98 


1.061715 


0.0260079 


104.0 


I 


57.910 


1.7627536 


I. I 19830 


0.0491417 


105.8 


2 


61.055 


I. 7857212 


1.180613 


0.0721093 


107.6 


3 


64.346 


I. 8085216 


1.244257 


•0.0949097 


109.4 


4 


67.790 


I. 831 1656 


1.310852 


0.1175537 


111.2 


5 


71.391 


1.8536435 


1.380485 


0.1400316 


113. 


6 


75.158 


1.8759752 


1.453327 


0.1623633 


114.8 


7 


79.093' 


I. 898 I 380 


1.529424 


0.1845261 


116.6 


8 


83.204 


I. 9201442 


I. 60891 2 


0.2065323 


118.4 


9 


87.499 


I .9420031 


1.691964 


0.2283912 


120.2 


50 


91.982 


1.9637028 


1.778652 


0.2500909 


122.0 


I 


96.661 


I. 9852513 


1.869130 


0.2716394 


123.8 


2 


101.543 


2.0066499 


1.963526 


0.2930380 


125.6 


3 


106.636 


2.0279038 


2.062015 


0.3142919 


127.4 


4 


III. 945 


2.0490047 


2.164625 


0.3353828 


129.2 


5 


117.478 


2.0699566 


2.271660 


0.3563447 


131.0 


6 


123.244 


2.0907658 


2.383163 


0.3771539 


132.8 


7 


129.251 


2. 11 14340 


2.499370 


0. 3978221 


134.6 


S 


135.505 


2.I319553 


2.620255 


0.4183434 


136.4 


9 


142.015 


2.1523342 


2.746137 


0.4387223 


138.2 


60 


148.791 


2.1725766 


2.877163 


0.4589647 


140.0 


I 


155.839 


2. I 926761 


3.013450 


0.4790642 


141.8 


2 


163.170 


2.2126403 


3.155210 


0.4990284 


143.6 


3 


170.791 


2.2324650 


3 302577 


0.5188531 


145-4 


4 


178.714 


2.2521586 


3.355785 


0.5385467 


147.2 


5 


186.945 


2.2717139 


3.614947 


0.5581020 


149.0 


6 


195.496 


2.2911379 


3.780300 


0.5775260 


150.8 


7 


204.376 


2.3104298 


3.952010 


0.5968179 


152.6 


8 


213.596 


2.3295931 


4.130990 


0.6159912 


154.4 


9 


223.165 


2.3486261 


4.315330 


0.6350142 


156.2 


70 


233.093 


2.3675292 


4.507308 


0.6539173 


158.0 


I 


243.393 


2.3863080 


4.706480 


0.6726962 


159.8 


2 


254.073 


2.4049585 


4.912999 


0.6913466 


161.6 


3 


265.147 


2.4234867 


5.127135 


0.7098748 


163.4 


4 


276.624 


2.4418899 


5.349080 


0. 7282780 


165.2 


5 


288.517 


2.4601714 


5.579040 


0.7465595 


167.0 


6 


300.838 


2.4783327 


5.817290 


0.7647208 


168.8 


7 


313.600 


2.4963761 


6.064070 


0.7827642 


170.6 


8 


326.811 


2.5142966 


6.319530 


0.8006847 


172.4 


9 


340.488 


2.532IOI8 


6.584000 


0.8184899 


174-2 


80 


354.643 


2.5497914 


6.857714 


0.8361795 


176.0 


I 


369.287 


2.5673640 


7.140887 


0.8537521 


177.8 


2 


384.435 


2.5848229 


7.433806 


0.8712111 


179.6 


3 


400.101 


2.6021697 


7.736740 


0.8885578 


181.4 


4 


416.298 


2.6194043 


8.049936 


0.9057924 


183.2 


5 


433 041 


2.6365290 


8.373694 


0.9229171 


185.0 


6 


450.344 


2.6535443 


8.708280 


0.9399325 


186.8 


7 


468.221 


2.6704509 


9.053970 


0.9568390 


188.6 
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"5 


Regnaalt's Record 
of Prtssurc in Mil- 
limetres at Ob- 
servatory. 


1 






64 
"si 


a 








1^^ 


88 


486.687 


2.6872497 


9.411045 


0.9736378 


190.4 


9 


505.759 


2.7039436 


9.779840 


0.9903317 


192.2 


90 


525.450 


2.7205314 


10.16060 


1.0069195 


194.0 


I 


545.778 


2.7370160 


10.55360 


I. 023404 I 


195.8 


2 


566.757 


2.7533969 


10.95925 


1.0397850 


197.6 


3 


588.406 


2.7696771 


11.37798 


1.0560652 


199.4 


4 


610. 740 


2.7858564 


11.80984 


1.0722445 


201.2 


5 


633.778 


2.80IQ372 


12.25534 


1.0883253 


203.0 


6 


657.535 


2.8179189 


12.71473 


I. 104 3070 


204.8 


7 


682.029 


2.8338029 


13.18833 


1.1201910 


206.6 


8 


707.280 


2.8495914 


13.67665 


I. 1359795 


208.4 


9 


733.305 


2.8652847 


14.17988 


I. 1516728 


210.2 


100 • 


760.000 


2.8808136 


J4. 69609 


I. 1672017 


212.0 


I 


787.590 


2.8963002 


15.22958 


1.1826S83 


213.8 


2 


816.010 


2.9116955 


15.77916 


I. 1980836 


215.6 


3 


845 . 280 


2.9270006 


16.34514 


I. 2133887 


217.4 


4 


875.410 


2.9422II5 


16.92775 


1.2285996 


219.2 


5 


906.410 


2.9573247 


17.5272c 


1.2437128 


221.0 


6 


938.310 


2.9723463 


18.14405 


1.2587344 


222.8 


7 


971.140 


2.9872818 


18.77888 


1.2736699 


224.6 


8 


1004.910 


3.002I27I 


19.43190 


I. 2885152 


226.4 


9 


1039.650 


3.0168872 


20. 10367 


1.3032753 


228.2 


110 


1075.370 


3.0315579 


20.79438 


I. 3179460 


230.0 


I 


1112.090 


3.0461400 


21.50443 


I. 3325281 


231. 8 


2 


1149.830 


3.0606336 


22.23420 


I. 3470217 


233.6 


3 


I 188. 610 


3.0750394 


22.98410 


I. 36 14274 


235.4 


4 


1228.470 


3.0893646 


23.75487 


1.3757527 


237.2 


5 


1269.410 


3.I0360I9 


24.54710 


1.3899900 


239.0 


6 


1311.470 


3.II77584 


25.35985 


1.4041465 


240.8 


7 


1354.660 


3.1318304 


26. 19500 


I. 4182185 


242.6 


8 


1399.020 


3.1458239 


27.05278 


I. 4322120 


244.4 


9 


1444.550 


3.1597326 


27.93320 


1.4461207 


246.2 


120 


I49I . 280 


3.1735592 


28.83681 


1.4599473 


248.0 


I 


1539.250 


3.1873092 


29.76441 


1.4736973 


249.8 


2 


1588.470 


3.2009790 


30.71618 


I. 487367 I 


251.6 


3 


1638.960 


3.2145683 


31.69250 


1.5009565 


253.4 


4 


1690.760 


3.2280820 


32.69417 


1.5144701 


255.2 


5 


1743.880 


3.24I5I66 


33.72133 


1.5279047 


257.0 


6 


1798.350 


3.2548742 


34.77460 


1.5412623 


258.8 


7 


1854.200 


3.2681566 


35.85458 


1.5545447 


260.6 


8 


191 I. 470 


3-2813675 


36.96200 


1.5677556 


262.4 


9 


1970.150 


3.2944993 


38.09670 


I . 5808874 


264.2 


130 


2030.280 


3.3075559 


39.25943 


1.5939440 


266.0 


I 


2091.940 


3.3205492 


40.45174 


1.6069373 


267.8 


2 


2155.030 


3.3334534 


41.67173 


I. 6198414 


269.6 


3 


2219.690 


3.3462923 


42.92104 


1.6326804 


271.4 


4 


2285.920 


3.3590610 


44.20273 


I. 6454491 


273.2 


5 


2353.730 


3.3717567 


45.51394 


I. 658 1448 


275.0 
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\ 


Regnault*s Record 
ofPressure in Mil- 
limetres at Ob- 
servatory. 




u «■ « » 


Log. of lbs. per 
square inch at 49** 
Latitude, at Sea 
Level. 


Equivalent of C« 
in Fahrenheit de- 
grees. 


136 


2423.160 


3.3843820 


46.85653 


1.6707702 


276.8 


7 


2494.230 


3.3969365 


48.23080 


1.6833246 


278.6 


8 


2567.000 


3.4094259 


49.63800 


I. 6958140 


280.4 


9 


2641.440 


3.4218408 


51.07740 


I . 7082289 


282.2 


140 


2717.63 


3.4341903 


52.55060 


1.7205784 


284.0 


I 


2795.57 


3.4464704 


54 05780 


1.7328585 


285.8 


2 


2875.30 


3.4586832 


55.59955 


I. 7450713 


287.6 


3 


2956.86 


3.4708307 


57.17665 


I. 7572188 


289.4 


4 


3040.26 


3.4829108 


58.78935 


I . 7692988 


291.2 


5 


3125.55 


3.4949265 


60.43864 


I. 7813146 


293.0 


6 


3212.74 


3.5068755 


62.12460 


1.7932637 


294.8 


7 


3301.87 


3.5187600 


63.848x3 


I.8051481 


296.6 


8 


3392.98 


3.5305813 


65.60990 


I. 8 169693 


298.4 


9 


3486.09 


3.5423387 


67.41036 


1.8287267 


3cto.2 


150 


3581.23 


. 3.5540322 


69.25009 


1.8404203 


302.0 


I 


3678.43 


3.5656625 


71.12963 


1.8520506 


303.8 


2 


3777.74 


3.5772321 


73.05000 


I . 8636202 


305.6 


3 


3879.18 


3.5887399 


75.01153 


I.8751281 


307.4 


4 


3982.77 


3.6001852 


77.01463 


1-8865733 


309.2 


5 


4088.56 


3.6115704 


79.06030 


1.8979585 


311. 


6 


4196.59 


3.6228965 


81 . 14930 


1.9092847 


312.8 


7 


4306.88 


3.6341628 


83.28196 


1.9205509 


314.6 


8 


4419.45 


3.6453682 


85.45870 


I. 9317563 


316.4 


9 


4534.36 


3.6565160 


87.68720 


1.9429041 


318.2 


160 


4651.62 


3.6676043 


89.94820 


1.9539924 


320.0 


I 


4771.28 


3.6786349 


92.26200 


1.9650230 


321.8 


2 


4893.36 


3.6896071 


94.62290 


1.9759952 


323.6 


3 


5017.91 


3.7005229 


97.03110 


I. 98691 10 


325.4 


4 


5144.97 


3.7113829 


99.48809 


I. 9977710 


327.2 


5 


5274-54 


3.7221846 


101.9935 


2.0085727 


329.0 


6 


5406.69 


3.7329314 


104.5490 


2.0193195 


330.8 


7 


5541.43 


3.7436218 


107.1544 


2.0300099 


332.6 


8 


5678.82 


3.7542581 


109.8110 


2.0406462 


334.4 


9 


5818.90 


3.7648409 


112. 5199 


2.0512290 


336.2 


170 


5961.66 


3.7753672 


115.2804 


2.0617553 


338.0 


I 


6107.19 


3.7858414 


1x8.0945 


2.0722295 


339-8 


2 


6255.48 


3.7962606 


120.9615 


2.0826487 


341.6 


3 


6406.60 


3.8066276 


123.8842 


2.0930157 


343.4 


4 


6560.55 


3.8169402 


126.8610 


2.10(33283 


345.2 


5 


6717.43 


3.8272032 


129.8947 


2.1135913 


347.0 


6 


6877.22 


3.8374130 


132.9845 


2.1238011 


348.8 


7 


7039 -97 


3.8475708 


136.1314 


2.1339589 


350.6 


8 


7205.72 


3.8576774 


139-3367 


2.1440655 


352.4 


9 


7374.52 


3.8677338 


142.6008 


2.1541219 


354.2 


180 


7546.39 


3.8777393 


145-9243 


2.1641274 


356.00 


I 


7721.37 


3.8876943 


149-3078 


2.1740825 


357.8 


2 


7899.52 


3.8976007 


152.7527 


2.1839888 


359.6 


3 


8080.84 


3.9074566 


156.2588 


2.1938446 


361.4 



FRAY'S STEAM TABLES AND ENGINE CONSTANTS. 
REGNAULT'S KE'^XJl.TS.— Concluded, 



79 



\ 


of Pressure in Mil- 
limetres at Ob- 
servatory. 


1 

'5 

i 


to lbs. per square 
inch at 45* Lati- 
tude and Sea 
Level t. 33« F. 


Log. of lbs. per 

Latitude, at Sea 
LeveL 




184 


8265.40 


3.9172639 


159.8278 


2.2036520 


363.2 


5 


8453.23 


3.9270226 


163.4560 


2.2134108 


365.0 


6 


8644.35 


39367323 


167.1544 


2.2231205 


366.8 


7 


8838 82 


3.9463943 


170.9158 


2.2327824 


368.6 


8 


9036.68 


3.9560089 


174.7418 


2.2423970 


370.4 


9 


9237.95 


3.9655757 


178.6339 


2.2519638 


372.2 


190 


9442.70 


3.9750962 


182.5930 


2.2614843 


374.0 


I 


9650.03 


3.9845287 


186.6023 


2.2709168 


375.8 


3 


9862.71 


3.9939962 


190.7145 


2.2803843 


377.6 


3 


10078.04 


4.0033764 


194.8784 


2.2897645 


379.4 


4 


10297.01 


4.0127111 


199. 1127 


2.2990992 


381.2 


5 


10519.63 


4.0220005 


203.4176 


2.3083885 


383.0 


6 


10745.95 


4.0312448 


207.7940 


2.3176329 


384.8 


7 


10975.00 


4.0404045 


212.2230 


2.3267926 


386.6 


8 


11209.82 


4.0495987 


216.7637 


2.3359868 


388.4 


9 


11447-46 


4.0587091 


221.3590 


2.3450972 


390.2 


200 


11688.96 


4.0677759 


226.0287^ 


2.3541640 


392.0 


I 


11934.37 


4.0767994 


230.7743 


2.3631875 


393.8 


2 


12183.69 


4.0857788 


235.5955 


2.3721670 


395.6 


3 


12437.00 


4.0947156 


240.4937 


2.3811037 


397.4 


4 


12694.30 


4. 1036088 


245.4692 


2.3899969 


399.2 


5 


12955.66 


4. I I 24595 


250.5230 


2.3988476 


401.0 


6 


13221.12 


4.1212683 


255.6562 


2.4076564 


402.8 


7 


13490.75 


4.1300360 


260.8700 


2.4164241 


404.6 


8 


13764.53 


4. I 38761 5 


266.1643 


2.4251496 


406.4 


9 


14042.52 


4.1474451 


271.5399 


2.4338332 


408.2 


310 


14324.80 


4.1560885 


276.9980 


2.4424766 


410.0 


I 


I461I.32 


4.1646894 


282.5385 


2.4510775 


411. 8 


2 


14902.22 


4. 17325 10 


288.1636 


2.4596391 


413.6 


3 


15197.48 


4.1817716 


293.8730 


2.4681597 


415.4 


4 


15497.17 


4.1902523 


299.6680 


2.4766404 


417.2 


5 


15801.33 


4.1986937 


305.5497 


2.4850818 


419.0 


6 


16109.94 


4.2070940 


3". 5173 


2.4934821 


420.8 


7 


16423.15 


4.2154565 


317.5738 


2.5018446 


422.6 


8 


16740.90 


4.2237788 


323.7180 


2.5101669 


424.4 


9 


17063.29 


4.2320628 


329.9521 


2.5184509 


426.2 


220 


17390.36 


4.2403086 


336.2768 


2.5266967 


428.0 


I 


17722.13 


4.2485127 


342.6Q2r 


2.5349041 


429.8 


2 


18058.64 


4.2566851 


349.1991 


2.5430732 


431.6 


3 


18399.94 


4.2648164 


355.7990 


2.5512045 


433.4 


4 


18746.07 


4.2729102 


362.4920 


2.5^92983 


435.2 


5 


19097.04 


4.2809660 


369.2783 


2.5673541 


437.0 


6 


19452.92 


4.288g848 


376.1602 


2.5753729 


438.8 


7 


19813.76 


4.2969668 


383.1377 


2.5833549 


440.6 


8 


20179.61 


4.3049127 


390.2120 


2.5913008 


442.4 


9 


20550.48 


4.3128219 


397.3837 


2.5992100 


444.2 


230 


20926.40 


4.3206945 


404.6530 


2.6070826 


446.0 



I 

J 



8o PRAVS STEAM TABLES AND ENGINE CONSTANTS. 

MEAN PRESSURE (ABSOLUTE) MULTIPLIER, FOR ANY PRESSURE AND 
EACH ONE THOUSANDTH OF THE STROKE. 








1 


t 


S 


4 


6 


6 


7 


8 


• 


.01 


.05605 


.06027 


.06448 


.06870 


.07292 


.07713 


.08135 


.08557 


.08979 


09400 


.02 


.09822 


.10193 


.10564 


.10934 


.11305 


.11676 


.12047 


.12418 


.12788 


13159 


.03 


.13530 


.13864 


.14199 


.14534 


.14864 


.15203 


.15538 


.15872 


. 16207 


16541 


.04 


.16876 


.17186 


.17497 


•17797 


.18108 


. 18428 


. 18738 


.19049 


.19359 


19669 


.05 


.19980 


.20269 


.20559 


.20849 


.2x139 


.21429 


.21718 


.22008 


. 22298 


22588 


.06 


.22878 


.23152 


.23426 


.23700 


.23974 


.24249 


.24523 


.24797 


.25072 


25346 


.07 


. 25620 


.25878 


.26137 


.26396 


.26655 


.26914 


.27172 


.27431 


.27690 


27949 


.08 


.28208 


.28454 


.28701 


.28947 


.29194 


.29440 


.29686 


.29933 


.30179 


30426 


.09 


.30672 


.30907 


.31142 


.31378 


.31613 


.31849 


.32084 


.32319 


.32555 


32790 


.10 


.33026 


.33251 


.33476 


.33701 


.33926 


.34152 


.34377 


.34602 


.34827 


35052 


.11 


.35278 


35493 


•35709 


.35924 


. 36140 


.36355 


.36571 


.36786 


.37002 


37217 


.12 


•37433 


.37631 


.37840 


.38049 


•38257 


.38466 


.38675 


.38883 


•39092 


39300 


.13 


•39519 


•39720 


.39920 


.40121 


.40321 


.40521 


.40722 


.40922 


.41123 


41323 


.14 


.41524 


.41719 


•419^3 


.42108 


.42302 


.42497 


.42691 


.42886 


.43081 


43275 


.15 


.43470 


•43651 


•43832 


.44013 


•44194 


.44375 


.44556 


.44737 


.44918 . 


45099 


.16 


.45280 


.45461 


.45642 


.45823 


.46004 


.46185 


.46366 


.46547 


.46728 . 


46909 


•17 


•47090 


.47271 


.47452 


.47633 


.47814 


.47995 


.48176 


.48357 


.48538 


48719 


.18 


.48888 


.49055 


.49222 


.49389 


.49556 


.49723 


.49890 


.50057 


.50224 


50391 


•19 


•50558 


.50720 


. 50882 


.51044 


.51206 


.51379 


.51541 


.51703 


.51869 


52027 


.20 


.52180 


.52340 


.52500 


.52660 


. 52820 


.52980 


.53140 


.53300 


.53460 . 


53620 


.21 


.53781 


.53935 


.54090 


.54245 


.54400 


.54555 


.54710 


.54865 


.55020 


55175 


.22 


•55330 


•55478 


.55026 


.55774 


.55922 


.56070 


.56218 


.56366 


.56514 . 


56662 


.23 


.56811 


.56957 


.57103 


.57249 


.57395 


.57541 


.57687 


.57833 


.57979 


58125 


.24 


.58271 


. 58408 


.58546 


.58784 


.58922 


.59060 


.59198 


.59366 


.59474 . 


59612 


.25 


.59650 


.59787 


.59824 


.59961 


.60198 


.60235 


.60472 


.60609 


.60746 . 


60883 


.26 


.61021 


.61156 


.61291 


.61425 


.61560 


.61695 


.61829 


.61965 


.62099 


62234 


•27 


.62369 


.62496 


.62624 


.62852 


.62979 


.63106 


.63134 


.63262 


.63389 


63516 


.28 


•63444 


.63769 


.63896 


.64021 


.64148 


.64274 


.64399 


.64525 


.64651 


64777 


.29 


.64903 


.65024 


.65146 


.65268 


.65389 


.65511 


•65633 


•65755 


.65877 


65998 


.30 


.66120 


.66238 


.66356 


.66474 


.66592 


.66710 


.66828 


.66946 


.67064 


.67182 


.31 


.67300 


.67418 


.67536 


.67654 


.67772 


.67890 


.68008 


.68126 


.68244 


68362 


•32 


.68480 


.68591 


.68704 


.68815 


.68927 


.69039 


.69140 


.69253 


.69364 


69476 


.33 


.69598 


.69706 


.69815 


.69924 


.70032 


.70141 


.70250 


.70259 


.70468 


.70576 


.34 


.70685 


.70791 


.70898 


.71004 


.71111 


.71217 


.71323 


.71429 


•71536 


71642 


.35 


.71750 


.71854 


.71958 


.72062 


.72166 


. 72270 


.72374 


.72478 


.72582 


72686 


.36 


.72791 


.72889 


.72988 


•73087 


.73186 


.73285 


■73384 


.73483 


.73582 


73681 


.37 


.73780 


.73880 


.73980 


.74080 


.74180 


.74281 


.74381 


.74481 


.74581 


.74681 


.38 


.74782 


.74877 


.74973 


.75068 


.75164 


.75260 


.75355 


•75451 


.75546 


.75642 


.39 


.75738 


.75832 


.75926 


.76021 


.76116 


.76210 


.76304 


.76398 


.76493 


.76587 


.40 


.76680 


•76769 


.76858 


•76947 


.77036 


•77125 


.77214 


.77303 


.77392 


.77481 


.41 


.77570 


•77659 


.77748 


•77837 


•77926 


.78015 


.78104 


.78193 


. 78282 


.78371 


.42 


.78460 


.78543 


.78626 


.78709 


.78792 


.78875 


.78958 
.79889 


.79041 


.79124 


.79207 


.43 


.79290 


•79373 


.79456 


.79539 


.79622 


.79706 


.79972 


.80055 


.80138 


.44 


.80122 


.80204 


.80287 


.80371 


.80454 


.80537 


.80619 


.80702 


.80785 


.80868 


•45 


.80951 


.81030 


.81109 


.81188 


.81267 


.81347 


. 81426 


.81505 


.81584 


.81663 


.46 


.81742 


.81817 


.81892 


.81966 


.82041 


.82116 


.82191 


.82266 


.82340 


.82415 


.47 


.82490 


.82567 


. 82643 


.82720 


.82797 


.82874 


.82950 


.83027 


.83104 


.83180 


.48 


.83257 


.83325 


.83394 


.83462 


.83530 


.83599 


.83667 


•83735 


. 83803 


.83872 


.49 


•83940 


.84011 


.84082 


.84153 


.84224 


.84295 


.84366 


.84437 


.84508 


.84579 


.50 


. 84650 


.84722 


.84795 


.84867 


.84940 


.85012 


.85084 


.85157 


.85229 


.8530a 



PRA VS STEA\f TABLES AND ENGINE CONSTANTS 
MEAN PRESSURE MULTIPLIER.— (7^«^^/«^^'^. 



8r 








1 


2 


8 


4 


6 


6 


7 


8 


9 


.51 


•85374 


•85437 


.85501 


.85564 


.85627 


.85691 


.85754 


.85817 


.85880 


•85944 


.52 


.86007 


.86072 


.86138 


.86203 


.86268 


•86335 


•86399 


.86464 


.86529 


.86595 


.53 


.86660 


.86720 


.86781 


.86841 


.86901 


.86962 


.87022 


.87082 


.87142 


.87203 


•54 


.87263 


.87326 


.87389 


•87451 


.87514 


•87577 


.87640 


.87703 


.87765 


.87828 


.55 


.87891 


•87950 


.88009 


.88068 


.88127 


.88186 


.88245 


.88304 


.88363 


. 88422 


.56 


. 88481 


.88536 


.88591 


.88647 


.88702 


•88757 


.88812 


.88867 


.88923 


.88978 


.57 


•89033 


.89091 


.89149 


.89206 


.89264 


.89322 


.89380 


.89438 


.89495 


.89553 


.58 


.89610 


.89665 


.89719 


.89773 


.89827 


.89881 


•89935 


.89989 


.90043 


.90097 


•59 


.90151 


.90202 


.90253 


•90303 


•90354 


.90405 


.90456 


.90507 


•90557 


.90608 


.60 


.90659 


.90707 


.90754 


.90802 


•90849 


.90897 


.90944 


.90992 


.91039 


.91087 


.61 


•9"34 


.91184 


.91234 


.91284 


•91334 


•91385 


.91435 


.91485 


.91535 


.91585 


.62 


• 91635 


.91682 


.91729 


•91777 


.91824 


.91871 


.91918 


.91965 


.92013 


.92060 


•63 


.92107 


.92151 


.92195 


.92238 


.92282 


.92326 


.92370 


.92414 


.92457 


.92501 


.64 


•92545 


•92592 


.92639 


.92686 


.92733 


.92780 


.92827 


.92874 


.92921 


.92968 


.65 


•93015 


•93059 


.93103 


•93147 


.93191 


•93235 


.93279 


.93323 


•93367 


.93411 


.66 


•93455 


.93492 


.93529 


•93566 


•93603 


.94641 


.936/8 


•93715 


•93752 


.93789 


.67 


.93826 


.93868 


.93910 


•93953 


•93995 


•94037 


•94079 


.94121 


.94164 


.94206 


.68 


•94248 


.94291 


•94334 


•94378 


.94420 


•94463 


.94505 


•94548 


.94591 


.94634 


.69 


.94677 


.94708 


.94740 


.94771 


.94803 


.94834 


.94865 


.94897 


.94928 


.94960 


.70 


•94991 


.95020 


.95049 


.95078 


•95107 


•95137 


.95166 


.95195 


.9c 224 


.95253 


.71 


.95282 


.95323 


•95363 


.95404 


•95445 


.95486 


.95526 


.95567 


.95608 


.95648 


.72 


.95689 


.95720 


•95750 


.95781 


.95812 


•95843 


.95873 


.95904 


•95935 


• 9*5965 


.73 


.95996 


.96024 


.96052 


.96080 


.96108 


.96136 


.96163 


.96191 


.96229 


.96257 


•74 


.96275 


.96302 


.96330 


.96357 


.96384 


.96412 


.96439 


.96466 


.96493 


.96521 


.75 


•96548 


.96576 


.96603 


.96631 


.96658 


.96686 


.96713 


.96741 


.96768 


.96796 


.76 


.96823 


.9C850 


.96876 


.96903 


.96930 


•96957 


.96983 


.97001 


.97037 


.97063 


.77 


.97090 


.97115 


.97140 


.97166 


•97191 


.97216 


.97241 


.97266 


.97392 


•97317 


.78 


•97342 


.97372 


•97403 


.97433 


•97463 


■97493 


•975,24 


.97554 


.97584 


•97615 


•79 


•97645 


.97665 


.97684 


•97704 


.97723 


•97743 


•97763 


.97782 


.97802 


.97821 


.80 


.97841' 


.97866 


.97891 


•97916 


.97941 


•97967 


.97992 


.98017 


.98042 


.98067 


.81 


.98092 


.98106 


.98121 


.98135 


.98150 


.98164 


.98178 


.98193 


.98197 


.98212 


.82 


.98236 


.98256 


.98276 


.98297 


.98317 


•98337 


.98357 


•98377 


.98398 


.98418 


.83 


.98438 


.98456 


.98474 


.98492 


.98510 


.98528 


.98545 


.98563 


.98581 


•98599 


.84 


.98617 


.98637 


.98656 


.98676 


.98695 


.98715 


.98735 


.98754 


■98774 


•98793 


.85 


.98813 


.98830 


.98848 


.98865 


.98882 


.98900 


.98917 


.98934 


•98951 


.98969 


.86 


.98986 


.98997 


.99007 


.99018 


.99029 


.99040 


.99050 


.99061 


.99072 


.99082 


•87 


•99093 


.99110 


.99127 


.99144 


.99161 


•99»79 


.99196 


•99213 


.99230 


•99247 


.88 


.99264 


.99279 


•99294 


.99309 


.99324 


•99339 


•99353 


.99368 


.99383 


.99398 


.89 


.99413 


.99426 


.99439 


•99451 


•99464 


•99477 


•99490 


.99503 


.99515 


.99528 


.90 


•99541 


.99542 


•99544 


.99545 


.99547 


.99548 


•99549 


.99551 


.99552 


•99554 


.91 


.99555 


.99572 


.99590 


.99607 


.99625 


.99642 


.99659 


.99677 


.99694 


.99712 


.92 


.99729 


.99735 


•99741 


.99747 


.99753 


•99759 


.99765 


•99771 


.99777 


.99783 


•93 


•99789 


.99793 


•99797 


.99801 


.99805 


.99809 


.99812 


.99816 


.99820 


.99824 


.94 


.99828 


.99830 


.99831 


.99833 


.99834 


.99836 


•99838 


.99839 


.99841 


.99842 


•95 


.99844 


.99851 


•99859 


.99866 


.99874 


.99880 


.99887 


.99895 


.99902 


.9^911 


.96 


.99918 


.99922 


.99926 


.99930 


•99934 


•99939 


•99943 


.99947 


•99951 


.99955 


•^z 


.99959 


.99961 


•99963 


-99965 


•99967 


.99970 


.99972 


.99974 


.99976 


.99978 


.98 


.99980 


.99981 


.99982 


.99983 


•99984 


•99985 


.99986 


.99987 


.99988 


.99989 


•99 


.99990 


■99991 


.99992 


.99993 


.99994 


•99995 


•99996 


.99997 


.99998 


.99999 
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PRA Y'S STEAM TABLES AND ENGINE CONSTANTS. 



STEAM USED EXPANSIVELY. 
Data all Rankine's, entirely computed by author. 



xH-r. 


r. 


rpm -1- pi. 


pi -I- rpm. 


pi -H pm. 


pm -1- pi. 


1 


2 


8 


4 


6 


6r=K. 


.01 


100.00 


5.605 


.17842 


17.8420 


.05605 


.02 


50.00 


4.9" 


.20362 


16.1810 


.09822 


.03 


33.34 


4. 5" 


.22168 


7.3910 


•13530 


.04 


25.00 


4.219 


.23702 


5.9256 


.16876 


.05 


20.00 


3.996 


.25025 


5.0050 


.19980 


.06 


16.67 


3.814 


.26221 


4.3710 


.22878 


.07 


14.29 


3.661 


.27314 


3.9032 


.25620 


.08 


12.50 


3.526 


.28361 


3.5452 


.28208 


.09 


II. II 


3.408 


.29346 


3.2603 


.30672 


.10 


10.00 


3.303 


.30279 


3.0279 


.33026 


.11 


9.09 


3.269 


.31163 


2.8340 


.35278 


.12 


8.34 


3.TI9 


.32061 


2.6707 


.37433 


.13 


7.69 


3 039 


.32095 


2.5304 


.39519 


.14 


7.14 


2.965 


.33728 


2.4082 


.41524 


-15 


6.67 


2.899 


.34489 


2.3004 


.43470 


.16 


6.25 


2.830 


.35335 


2.2085 


.45280 


.17 


5.88 


2.769 


.36115 


2.1236 


.47090 


.18 


5.56 


2.718 


.36790 


2.0455 


.48888 


.19 


5.26 


2.659 


.37603 


1.9779 


.50558 


.20 


5.00 


2.610 


.38300 


I. 9164 


.52180 


.21 


4.76 


2.560 


.39063 


1.8594 


.53781 


.22 


4-55 


2.517 ^ 


.39722 


1.8073 


.55330 


.23 


4.35 


2.471 


.40465 


1.7602 


.56811 


.24 


4.17 


2.430 


.41154 


I.7161 


.58271 


.25 


4.00 


2.397 


.41719 


1.6764 


.59650 


.26 


3.84 


2.347 


.42610 


1.6388 


.61021 


.27 


3.70 


2.310 


.43287 


1.6033 


.62369 


.28 


3.57 


2.273 


.44000 


I. 5712 


.63644 


.29 


3.45 


2.238 


.44686 


1.5408 


.64903 


.30 


3.34 


2.204 


.45363 


I. 5124 


.66120 


.31 


3.23 


2. 171 


.46060 


1.4859 


.67301 


.32 


3.13 


2.140 


.46729 


1.4603 


:6848o 


•33 


3.03 


2.109 


.47416 


1.4368 


.69598 


.34 


2.94 


2.079 


.48102 


I. 4147 


.70685 


.35 


2.86 


2.050 


.48781 


1.3937 


.71750 


.36 


2.78 


2.022 


.49456 


1.3738 


.72791 


.37 


2.70 


1.994 


.50149 


1.3554 


.73780 


.38 


2.63 


1.968 


.50814 


1.3372 


.74782 


.39 


2.56 


1.942 


.51493 


1.3204 


.75738 


.40 


2.50 


1. 917 


.52165 


1. 3041 


.76680 


.41 


2.44 


1.892 


.52857 


I. 2891 


.77570 


.43 


2.38 


1.868 


.53529 


1.2745 


.78460 


.43 


2.33 


1.847 


.54128 


1.2612 


.79290 


.44 


2.27 


1. 819 


.54982 


I. 2481 


.80122 


.45 


2.22 


1.797 


.55646 


1-2353 


.80951 


.46 


2.17 


1.774 


.56376 


1.2233 


.81742 


.47 


2.13 


1-757 


.56914 


1:2123 


.82490 


.48 


2.08 


1.732 


•57746 


i.2ori 


.83257 


.49 


2.04 


1. 712 


.58398 


I. 1913 


.83940 
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i-*-r. 


r. 


rpm -t- pi. 


pi .♦.rpm. 


pl.*-pm. 


pm -*- pi. 


1 


2 


8 


4 


6 


e-K. 


.50 


2.00 


1.693 


.59067 


I.1813 


.84650 




51 


1.96 


1.673 


.59760 


I.1713 


.85374 




52 


1.92 


1. 651 


.60558 


I . 1627 


.86007 




53 


1.89 


1.638 


.61055 


I. 1539 


.86660 




54 


1.85 


1. 614 


.61945 


I. 1460 


.87263 




55 


1.82 


1.599 


.62516 


I. 1378 


.87891 




56 


1.79 


1.584 


.63140 


1. 1302 


.88481 




57 


1-75 


1.558 


.64182 


I. 1232 


.89033 




58 


1.72 


1. 541 


.64880 


1.II59 


.89611 




59 


1.70 


1.533 


.65250 


I. 1093 


.90151 




60 


1.67 


1. 514 


.66050 


I. 1030 
1.0973 


.90659 




61 


1.64 


1.495 


.66909 


.91134 




62 


1. 61 


1.475 


.67782 


1.0913 


.91635 




63 


1.59 


1.465 


.68283 


1.0857 


.92107 




64 


1.56 


1.444 


.69268 


1.0806 


.92545 




65 


1.54 


1.432 


.69812 


1. 0751 


.93015 




66 


1.52 


1. 421 


.70398 


1.0700 


.93455 




67 


1.49 


1.398 


.71531 


1.0658 


.93826 




68 


1.47 


1.392 


.71847 


1.0566 


.94248 




69 


1.45 


1-373 


.72844 


1.0562 


.94677 




70 


1.43 


1.358 


.73617 


1.0527 


.94991 




71 


1. 41 


1.344 


.74434 


1.0495 


.95282 




72 


1.39 


1.330 


.75185 


I.0451 


.95689 




73 


1.37 


1. 315 


.76039 


I. 0417 


.95996 




74 


1.35 


1.299 
1.284 


.76942 


1.0387 


.96275 




75 


1.33 


.77877 


1.0357 


.96548 




76 


1.32 


1.278 


.78244 


1.0328 


.96823 




.77 


1.30 


1. 261 


.79231 


1.0300 


.97090 




78 


1.28 


1.246 


.80259 


1.0273 


.97342 




.79 


1.27 


1.240 


.80640 


1. 0241 


.97645 




80 


1.25 


1.223 


.81766 


I. 0221 


.97841 




81 


1.24 


1. 216 


.82215 


I. 0195 
I. 0180 


.98092 




82 


1.22 


1. 199 


.83439 


.98236 




83 


1. 21 


1. 191 


.83956 


I. 0159 


.98438 




84 


1. 19 


1. 174 


.85212 


I. 0410 


.98617 




.85 


1. 17 


1. 156 


.86497 


I. 0120 


.98813 




86 


1. 16 


1. 148 


.87091 


1. 01 03 


.98986 




87 


1. 15 


1. 139 


.87753 


1.0092 


.99093 




.88 


1. 14 


1. 132 


.88372 


1.0074 


.99264 




.89 


1. 12 


1. 113 


.89813 


1.0059 


.99413 




.90 


I. II 


1. 105 


.90507 


1.0046 


.99541 




.91 


1. 10 


1.095 


.91317 


1.0045 


.99555 




.92 


1.09 


1.087 


.91992 


1.0027 


.99729 




.93 


1.08 


1.078 


•92790 


I. 0021 


.99789 




•94 


1.06 


1.058 


.94502 


I. 0017 


.99828 




•95 


1.05 


1.048 


.95387 


X.OOI6 


.99844 




.96 


1.04 


1.039 


.96235 


1.0008 


.99918 




•97 


1.03 


1.030 


.97127 


1.0004 


.99959 




.98 


1.02 


1.020 


.98060 


1.0002 


.99980 




•99 


1. 01 


1. 010 


.99020 


I. 0001 


.99990 
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PRATS STEAM TABLES AND ENGINE CONSTANTS, 



TEMPERATURE OF STEAM Al' EACH POUND (Absolute Pressure). 

From I to 350+. 

Regnault's Observations, Dixon's Translations of C** to F** and Pounds, Author's Com- 
putation. For Ordinary Computations in Steam Gauge Pressure, 
Deduct 15 from Absolute. 



Abs. Press- 




Abs^Pieu- 




AU.PreM- 




Abe. Press. 




ure In lbs. 


F« 


ure in lbs. 


F» 


ure in lbs. 


¥• 


ure in lbs. 


F» 


persq.in. 




per sq. in. 




per tq. in. 




per sq. in. 




I 


102.041 


48 


278.291 


94 


323.131 


140 


352.766 


2 


126.310 


9 . 


279.584 


5 


323.887 


I 


353.314 


3 


141.628 






6 


324.629 


2 


353.866 


4 


153066 


50 


280.849 


7 


325.382 


3 


354.411 


5 


162.337 


I 


282 . 104 


8 


326. Ill 


4 


354.958 


6 


170.132 


2 


283.321 


9 


326.848 


5 


355.508 


7 


176.929 


3 


284.535 






6 


356.031 


8 


182.919 


4 


285.719 


100 


327.576 


7 


356.566 


9 


188.326 


5 


286.896 


I 


328.284 


8 


357.111 






6 


288.047 


2 


329.002 


9 


357.633 


10 


193.301 


7 


289.114 


3 


329.711 






I 


197.769 


8 


290.312 


4 


330.423 


150 


358.166 


2 


201.958 


9 


291.421 


5 


331. "7 


I 


358.688 


3 


205.889 






6 


331.814 


2 


359.205 


4 


209.610 


60 


292 . 526 


7 


332.498 


3 


359. 722 


5 


213.036 


I 


293.594 


8 


333.177 


4 


360.239 


6 


216.298 


2 


294.659 


9 


333.859 


5 


360.744 


7 


219.428 


3 


295.710 






6 


361 . 256 


8 


222.414 


4 


296.756 


no 


334.528 


7 


361.762 


9 


225.213 


5 


297.779 


I 


335.199 


8 


362.277 






6 


298.788 


2 


335.857 


9 


362.776 


20 


227.919 


7 


299.791 


3 


336.5^1 






I 


230.511 


8 


300.777 


4 


337.166 


160 


363.278 


2 


233.014 


9 


301.756 


5 


337.821 


I 


363.777 


3 


235.433 






6 


338.462 


2 


364.272 


4 


237.757 


70 


302.721 


7 


339.108 


3 


364.771 


5 


240.070 


I 


303.673 


8 


339-733 


4 


365 . 261 


6 


242.185 


2 


304.617 


9 


340.364 


5 


365.739 


7 


244.289 


3 


305. 552 






6 


366.236 


8 


246.336 


4 


306.474 


120 


340.991 


7 


366.721 


9 


248.316 


5 


307.388 


I 


341.621 


8 


367.202 






6 


308.294 


2 


342.242 


9 


367.684 


30 


250.254 


7 


309.186 


3 


342.858 






I 


252.118 


8 


310.072 


4 


343.468 


170 


368.162 


2 


253.942 


9 


310.945 


5 


344 077 


I 


368.636 


3 


255 726 






6 


344.673 


2 


369.109 


4 


257.470 


80 


3". 814 


7 


345.281 


3 


369.576 


5 


259.172 


I 


312.672 


8 


345.877 


4 


370.045 


6 


260.829 


2 


313.524 


9 


346.455 


5 


370.514 


7 


262.451 


3 


314.359 






6 


370.982 


8 


264.039 


4 


315.200 


130 


347.056 


7 


371.448 


9 


265.599 


5 


316.009 


I 


347.641 


8 


371.914 






6 


316.843 


2 


348.229 


9 


372.367 


40 


267.124 


7 


317.651 


3 


348.811 






I 


268.614 


8 


318.455 


4 


349.388 


180 


372.824 


2 


270.071 


9 


319.252 


5 


349-954 


I 


373.277 


3 


271. 5" 






6 


350.523 


2 


373.737 


4 


272.921 


90 


320.042 


7 


351.091 


3 


374.188 


5 


274.294 


I 


320.819 


8 


351.755 


4 


374.639 


6 


275.654 


2 


321.596 


9 


352.214 


5 


375.088 


7 


276.995 


3 


322.369 






6 


375.536 
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AU.Pnw. 




AU. Pkm- 




Abs.Pnm- 




AU.Pms> 




ure in lbs. 


F« 


ure in lbs. 


Y* 


ure in lbs. 


¥• 


ure in lbs. 


¥• 


pertq.in. 




per wq. in. 




persq. in. 




per tq. in. 




187 


375-978 


229 


393.156 


270 


407.669 


312 


420.860 


8 


376.416 






I 


408.020 


3 


421. 161 


9 


376.843 


230 


393.533 


2 


408.346 


4 


421.462 






I 


393.913 


3 


408.682 


5 


421 . 762 


190 


377.299 


2 


394.283 


4 


409.004 


6 


422.078 


I 


377-729 


3 


394.662 


5 


409.332 


7 


422.349 


2 


378.163 


4 


395.036 


6 


409.671 


8 


422.632 


3 


378.591 


5 


395-405 


7 


410.008 


9 


423-034 


4 


379-02I 


6 


395.770 


8 


410.321 






5 


379-457 


7 


396.141 


9 


410.662 


320 


423.292 


6 


379-983 


8 


396.510 






I 


423.574 


7 


380.310 


9 


396.888 


280 


410.976 


2 


423.758 


3 


380.729 






I 


411.282 


3 


424.092 


9 


381.160 


240 


397.252 


2 


411. 610 


4 


424.402 






I 


397.612 


3 


411.924 


5 


424.664 


200 


381.576 


2 


397-964 


4 


412.244 


6 


425.009 


I 


381.994 


3 


398.340 


5 


412.559 


7 


425.228 


2 


382.408 


4 


398.688 


6 


412.878 


8 


425.517 


3 


382.821 


5 


399-061 


7 


413.201 


9 


425.804 


4 


383.240 


6 


399-412 


8 


413.524 






5 


383.660 


7 


399-762 


9 


413.848 


330 


426.092 


6 


384.070 


8 


400.131 






I 


426.373 


7 


384.480 


9 


400 482 


290 


414.162 


2 


426.712 


8 


384.894 






I 


414.472 


3 


427.009 


9 


385.287 


250 


400.832 


2 


414.788 


4 


427.279 






I 


401. 18 I 


3 


415.093 


5 


427.490 


210 


385.671 


2 


401.532 


4 


415.409 


6 


427.832 


I 


386.122 


3 


401 . 884 


5 


415.723 


7 


428.113 


2 


386.522 


4 


402 . 141 


6 


416.018 


8 


428.394 


3 


386.922 


5 


402.581 


7 


416.322 


9 


428.682 


4 


387.326 


6 


402.928 


8 


416.642 






5 


387.724 


7 


403.282 


9 


416.959 


340 


429.011 


6 


388.162 


8 


403.640 






I 


429.286 


7 


388.512 


9 


403.972 


300 


417.268 


2 


429- 555 


8 


388.904 






I 


417.560 


3 


429.822 


9 


389.196 


260 


404.3" 


3 


417.859 


4 


430.093 






I 


404-657 


3 


418.159 


5 


430.376 


220 


389.584 


2 


404 -993 


4 


418.461 


6 


430.682 


I 


390-071 


3 


405.322 


5 


418.759 


7 


430.998 


2 


390.460 


4 


405.676 


6 


419.059 


8 


431.274 


3 


390.858 


5 


406.002 


7 


419.362 


9 


431.552 


4 


391-241 


6 


406.334 


8 


419.681 






5 


391.633 


7 


406.666 


9 


420.028 


350 


431.830 


6 


391.992 


8 


407.013 






350.647 


432 


7 


392.390 


9 


407.334 


310 


420.320 






8 


392.823 






I 


420.540 







Tne impiOYed Qieene Engiqe 

Providence Steam Engine Co. 



50LE BUILDERS, 



PROVIDENCE, R. I. 




NON-CONDENSING, 

SIMPLE CONDENSING, 

COMPOUND 
AND TRIPLE EXPANSION. 

so to 3,000 H. P. 



(ORIGINAL STEAM GAUGE OOMPANYJ 



BUSINE** ESTABLISHED, 1861. INOORPORATKD, 1864. 

AMERICAN STEAM GAUGE COMPANY. 

SOLE MANUFACTURERS OF THE 

AqEI^Il^AII 
THQHp^QN inpi^OVED IflDIdATQI^, 




Amslefs Polar Planimeter, 



AND 



The Pantograph. 



ALSO MANUFACTURERS OF 

BOURDON PRESSURE GAUGES 
With LANE'S IMPROVEMENT, 

AND 

ASmiCAN pop SAFETY VJ^LVE^ 

For Stathnaiy, Marine, Locomotive and Portable 
Boilere. 

ALSO 
Water Gauges, Gauge Cocks, Whistles, Revolution Counters, Seth Thomas 

and Howard Clocks, Pyrometers, Hydrometers, Salinometers, 

Spring Balances, Mercurial Siphon Gauges, Low Water 

and Alarm Gauges, and all kinds of Steamship 

Instruments. 




NEW YORK BRANCH, 

20 CLIFF 8T., NEW YORK, N. Y. 



WESTERN BRANCH, 

25 W. LAKE ST., CHICAGO, ILL. 



Home Office, 36 CHARDON ST., BOSTON, MASS. 



Wh. a. Harris Steam Engine Go. 



BUILDKRS OF" 



HflRQIS-GOQLISS ENGINES, 



PROVIDENCE. R. I. 



Single or Pair, 

Condensing or Non-Condensing. 

Tandem or Cross-Compound, 

Condensing or Non-Condensing. 

BELT OR IlOI*E ^WHEELS. 



From 30 Horse-Power upwards. 



THE DEANE ^TEAM pUMp CO. 

HOLYOKE, MASS. 




PuriPiNQ Aachinery. 



NEW YORK, 

73 Cortlandt St. 



CHICAGO, 



336 Lake St 



. i 



BOSTON, 

54 Oliver St. 

PHILADELPHIA, 

49 N. 7th St. 



ST. LOUIS, 

30a S. 4th St. 
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B89089e6g972A 



Date Loaned 




flTDfl1bbSS7a 



b8908g669g72a 



